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Abstract
The multi-angle screening configuration is by far the most widely used screening
configuration for process color printing, but there are alternative screening configurations
whichmay be preferable in certain situations. Color separations made using the Staggered
Position One-Angle screening configuration are reported to provide printed reproductions
on newsprint which appear sharper, offer improved color reproduction, produce smoother
color reproduction, and preserve color better in the shadows. The staggered position
technique can be generated with high-end scanners and prepress equipment, as well as with
desktop publishing workstations using the
"Flamenco"
screening algorithm. However, the
staggered position methodmay be subject to greater color variation than themulti-angle
method due to random misregistration which can occur during a newspaper press run.
This study investigated printed process color reproductions produced by the
staggered position screening technique in comparison to reproductions produced by the
multi-angle screening technique at two commonly used screen rulings, 85 and 100 lpi, on
newsprint. During a press run, one printing plate at a time was laterally misregistered in
eight increments. A total of 32 sample press sheets and an OK standard press sheet were
taken during the press run. A series of printed color patches on each press sheet were
measured with a computerized spectrophotometer to determine if the color difference (AE)
between the sample and the OK standard press sheet was significant or not. The two
screening methods were also evaluated for consistency of color reproduction.
Using a two sample t-test, it was determined that colormisregistration resulted in a
significant statistical difference between the staggered position test target and the multi-
XI
angle test target for the same screen frequency. On an individual patch-by-patch
comparison, there were certain patches which did not exhibit a significant statistical
difference between the two screen configurations. It was also determined that the multi-
angle screeningmethod produced consistent, acceptable color variation with every
increment of misregistration. The staggered position technique produced unpredictable and
often unacceptable amounts of color variation which varied with misregistration and the
number of overprinting inks.
xu
Chapter 1
Introduction
Color Reproduction
Color reproduction is based on the theory of three-color vision, or the
psychological concept of color. 1 The wavelengths of white light can be grouped into three
primary categories or colors: red, blue, and green. The human eye contains three types of
receptors. Not surprisingly, each one is sensitive to one of the three primary colors of
tight. When the eye views a color scene, the receptors in the eye are stimulated by the
amounts of red, blue, and green light hitting them. The stimulation causes impulses to be
sent to the brain, recreating the color scene as it exists in reality.
Red, blue, and green light are called the additive primaries because when added
together, they form white light. When reproducing color not with light but with inks or
dyes, subtractive primary colors must be used. The subtractive primaries are cyan,
magenta, and, yellow. Each color represents the addition of two of the additive primary
colors. These are the colors of the inks used for process color reproduction. A fourth
color ink, black, is also used in process color reproduction to account for the deficiencies in
the subtractive primary inks.
Process Color Printing
The lithographic four-color halftone printing process requires the separation of a
continuous tone color original into its three subtractive primary colors and black. The
continuous tone image is broken up into a series of discrete dots, called halftone dots,
which can vary in size, shape, frequency, and angle.
The halftone separations are usually electronically generated today from the original
in the form of film negatives, which are in turn used tomake printing plates. The printing
plates transfer the ink image onto a substrate, usually paper. When viewed from a normal
viewing distance, the collection of various sizes and colors of dots create the illusion of a
continuous tone color reproduction.
Traditionally, the halftone dots of the four color separations are aligned at certain
angles, carefully chosen to avoid moire patterns between the dots of the different colors.
The conventionally used angles are 45 degrees for black, 75 degrees formagenta, 90
degrees for yellow, and 105 degrees for cyan. The dots form a series of small circular
patterns called "rosettes", thus avoiding a moire pattern.2 Additionally, the selected screen
angles minimize the occurrence of a hue shift caused by misregistration because the dots
form "random" or
"irregular"
patterns. Misregistration merely results in the formation of
other random dot overlaps, while the hue remains the same.3
Moire Patterns
There are two classifications of moire patterns.4 A first-ordermoire is an
undesirable screen pattern produced by incorrect screen angles of overprinting halftones. A
second-ordermoire, known as the rosette, is a circular pattern which occurs when two to
four screens are overprinted, separated by aminimum of 15. In multi-angle printing, the
rosette pattern is only visible to the eye at screen rulings coarser than 200
lpi.5 While this
pattern reduces hue shifts, it also tends to reduce the sharpness of the reproduction.
Dot-On-Dot Screening Technique
In theory and in practice, the best way to avoid moire
and rosette patterns is to print
all of the halftones at the same angle with the the dots printing on top of each other
6 This
is known as the dot-on-dotmethod. In 1980, Chemco Photoproducts introduced a color
separationmethod for newspapers which used this technique.7 The Chemco Color Method
was found to eliminate moire and rosette patterns, offer improved color reproduction,
produce smoother color reproduction on newsprint, and gave the appearance of using a
finer line screen.
Themain disadvantage of using the dot-on-dot method is that it is subject to color
variations produced by very minute shifts in register.8 Misregistration tolerances for the
dot-on-dot method, regardless of the source ofmisregistration, are less than 1/2 of a dot.9
"
. . .the color produced would depend on whether the dots fell on top of each other or side
by side. With the dots on top of each other, a much lighter tone would be produced,
because there would be amuch larger area of unprinted whitepaper."10 This is because
the light absorption of two inks overprinted is less than the sum of the absorptions of the
inks individually. 1 1 However, the color variations are much less noticeable on newsprint
than finer papers because the inks spread, causing the printed halftone dot edges to
decrease in sharpness. 12
Staggered Position One-Angle Screening Technique
Another halftone screening method which is similar to the dot-on-dotmethod is the
Staggered Position One-Angle technique. 13 The staggered position technique, also known
as the
"Flamenco"
screeningmethod in the desktop publishing world, is a modification of
the dot-on-dotmethod in which its advantages are maintained and its shortcomings are
ehminated.14 Both the staggered technique and the Flamencomethod use 45 degrees for
all four separations and slight offsets in the horizontal and vertical dimensions to cause the
dots to form squares, with a different color at each corner.
I5 This can be seen in figure 1:
K) (M) (K) (M
(XL
d
<gr
k) (m) (k) Cm
Figure 1. Enlarged section of the staggered position screening configuration
with round dots.
"Flamenco" is essentially a screening algorithm that is included in a PostScript or
desktop-generated image file which allows the output device to make color separations
using the staggered position screening configuration. These output devices include low-
resolution color printers as well as high-quality imagesetters. 16 It is also possible to output
color separations which duplicate the staggered position screening configuration on high-
end scanners. 17
The staggered position technique is reported to have several advantages over both
the dot-on-dot and multi-angle halftone screening methods:
It has the same advantages as dot-on-dot printing. 18
It preserves color better in the shadows than both dot-on-dot and conventional
angling because the black ink does not overprint the other colors so much.
19
It works with any dot shape20
It is very efficient: the Flamenco algorithm is faster to process and requires less
code than alternative screening
methods.2!
The reported disadvantage with the staggered position technique is that it is believed
by the industry to be subject to the same color variations due to misregistration as the dot-
on-dot method. For this reason, it is also believed to be a source of color variation during a
press run. According to Steve Schaffran, president ofThe ColorGroup, the company
which markets the Flamenco algorithm to the desktop publishing industry, this is a
misconception because the staggered position screening configuration reduces the amount
of unprinted white paper surrounding the dots.22 Mr. Schaffran considers the effect to be
a problem only at 150 lpi and above.
Objectives of Study
The objectives of this study were to attempt to clear up some of the controversy
surrounding the staggered position technique and misregistration induced color variation.
This study attempted to:
Investigate the effects of color variation in terms of a hue shift caused by
misregistration of the staggered position method in comparison to the multi-angle
method during a press run.
Investigate the color consistency of the staggered position method in comparison
to the multi-angle method during a press run.
Since color separations can be output using the staggered position screening
configuration on both high-end scanners as well as desktop pagination systems and
newspapers are producing more color, it seems that the staggered position technique has
the potential to be a primary screening process for newspaper process color printing.
Should the staggered position technique be found to produce consistent color, the
newspaper industry could really capitalize on its use. Reproductions made using the
staggered position technique are reported to appear sharper, produce smoother color
reproduction on newsprint, and preserve color better in the shadows. In other words, the
staggered positionmethod may be capable of producing higher quality newspaper color.
Higher quality results in more readers, more advertising, more color being reproduced,
greater profits, andmay even encourage the widespread use of desktop color for
newspapers.
Notes
1Pocket Pal (New York: International Paper Company, 1989), 79.
2"Screen Angles and Halftones," The Sevbold Report on Desktop Publishing. 5
November 1990, 15.
3J. F. Chen, "An Investigation ofColor Variation as a Function ofRegister in Dot-
On-DotMulticolor Halftone Printing," in The Proceedings of the Technical Association of
the Graphic Arts Held in 1984. (New York: TAGA 1984), 315.
4j. A. C. Yule, Principles of Color Reproduction (New York: JohnWiley and
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5James S. Rich, Jr., "A Comparison ofFour Color Printing at One Angle and at
FourAngles," The Proceedings of the Technical Association of the Graphic Arts Held in
1982, (New York: TAGA 1982), 367.
6Yule, 335.
7"Color Separation Uses One Screen/One Angle," Editor and Publisher. 7 June
1980, 46.
8Yule, 335.
9chen, 332.
lOYule, 335.
HJulius Silver, Graphic Reproduction Theory Class Notes, Rochester Institute of
Technology, Fall Quarter, 1990.
l2Miles F. Southworth, "Single Screen-Angle
Printing," The Quality Control
Scanner 3, no. 6, (1983): 4.
l3Blair Richards, "A Comparison of Staggered Position One Angle Process Color
PrintingWith Four Angle and One Angle Process Color Printing" (Master's Thesis,
Rochester Institute ofTechnology, 1988), 1.
14lbid.
l5Seybold, 16.
l6Bruce Fraser, "Players in PostScript Market Angling toWipe OutMoires,"
MacWEEK. 26 June 1990, 28.
l7Richards, 11.
l8Ibid., 49.
l9Sevbold. 15.
20lbid.
21Ibid.
22Steve Schaffran, interview by author, January 1990, Rochester, telephone
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Chapter 2
Theoretical Bases
Color Variation
Today, newspaper readers and advertisers are demanding more full-color pages in
the form of four-color process color reproductions. Color increases per-page profitability,
it increases the unit share of consumer advertising, and it sells more merchandise than
black-and-white advertising.! By responding to this demand, newspapers have been able
to increase their share of the market for printed publicity.2 However, color variation is still
the number one problem ofmost advertisers and publishers. Controlling color is one of the
most important issues in the graphic arts industry.^
Color variation is an inherent characteristic of the printing process. It is essentially
a difference in color between two objects or samples. In terms of a printed reproduction,
the color of specific areas in the reproduction can vary from a standard or reference to a
sample. Color variation can occur from impression to impression as well. Too much color
variation between the standard and a sample or from one impression to another is not
acceptable. In the newspaper industry the amount of color variation in advertisements is
even more critical than in editorial reproductions, since a very specific colormay represent
a company. "Kodak
yellow"is a case in point. If a specific color or colors cannot be
reproduced accurately and precisely within tolerances, the newspapermay lose advertisers.
Fortunately, color variation can be measured and controlled. However, the printing
process has so many variables that affect color reproduction that it is almost impossible to
control each variable to the point where zero variation will be produced. Color variation
during a press run is often affected by the following variables: registration, paper
10
dimensional changes, fluctuations in solid ink density levels, ink trapping, dot gain, slur,
doubling, and ink/fountain solution changes.4 This study is concerned only with color
variation caused by misregistration.
Color variation can be measured with a colorimeter or a spectrophotometer, or it can
be seen visually if the variation is great enough. Colorimeters and spectrophotometers can
determine color differences between two objects in terms of the hue, value, and chroma
attributes of the color being measured with a high degree of accuracy unsurpassed by even
the human eye. Colorimetric and spectrophotometric measurements are based on normal
human color vision and the perception of color.5 This is explained in greater detail later in
this chapter.
Registration and Misregistration
Registration can be defined as the fitting of two ormore printing images in exact
alignment with each other on a substrate.^ When one ormore of the printing images does
not align exactlywith the others, it is misregistered.
There are many sources of misregistration. Misregistration can be caused by
human error when assembling the films, making plates, andmounting the plates to the plate
cylinders on the press. Most of these sources can be minimized dramatically with the use
ofpin registration systems. However, misregistration can also occur due to paper
dimensional changes during a press run or due to the natural variation of a running press.7
There are several variables which affect registration during a press run. One of the
greatest sources of variation is the paper. When printing more than one color on paper, the
paper moisture content can change from one printing unit to the next.8 An excess amount
ofmoisture from the fountain solution causes paper fibers to swell, mainly in the direction
of the grain. A change in paper dimension from one unit to another results in
11
misregistration. Paper surface also has an effect on registration. Papers with a rough
surface, like newsprint, can cause random misregistration.9
Themechanical forces of a press can stretch paper in the direction of the web if
pressures between cylinders are excessive, or if the ink rheology is incorrect. Improper
cylinder settings, press vibrations, and worn cylinder bearings or gears may also cause
misregistration.
Natural Variation Occurring During a Press Run
It has been found that during a press run, if the press is not adjusted after it has
been set up to run at specified tolerances, natural variations will be minimized. 10, 1 1 in
other words, it has been found that a press tends to stabilize itself aftermakeready. Natural
variations affect several printing characteristics including solid ink density, dot gain, and
registration. The inherent variability of the process, influenced by random fluctuations,
cannot be controlled. Solutions can be sought only for variability due to assignable
causes.!2 Random fluctuations due to unassignable causes will cycle about a mean within
certain specific tolerances, as seen in figure 2:
+ Tolerance -
Mean
Tolerance -
Figure 2. Random variation fluctuations.
A change in the cycling pattern indicates the effect of an assignable cause. It is very
important tomonitor variation and take corrective actions only when it is necessary. 13 The
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use of control charts can aid in the detection of out-of-control variation. Increasingly, press
automation and computerized control systems are being used in the newspaper industry,
keeping registration to within even tighter tolerances than before.!4
Staggered Position One-Angle Screening Technique
To date, there is very little documentation on the mathematical description of the
staggered position screening configuration. Blair Richards!5, in his 1988 RIT master's
thesis, best described the process.
The staggered position technique uses 45 degrees for all four separations and slight
staggers in the horizontal and vertical dimensions to cause the dots to form squares, with a
different color at each corner. 16 The conventional multi-angle process, with the halftone
screens at 45 degrees for black, 75 degrees for magenta, 90 degrees for yellow, and 105
degrees for cyan, forms random type patterns. The staggered position technique, on the
other hand, forms a very structured, homogeneous pattern as seen in figures 3 and 4:
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Figure 4.
Staggered position. 18
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Although the dot position is changed from dot-on-dot to staggered, the image
remains stationary. The measure of the stagger is one half of the side of a 50% halftone dot
of the screen ruling that is being used. The screen ruling of a halftone screen is equivalent
to the number of lines per inch (lpi) measured along the screen angle, or dot diagonal. The
dot diagonal is equal to the distance between the screen dot centers. The distance (d) is
equal to 1 inch/lines per inch. 19 This can be seen in figure 5:
1 s ji&
S -tovF y>
Figure 5. Enlarged 45 halftone screen with 50% square dots.20
When separations are screened, the screens are staggered by 1/2 distance of the side
of a 50% dot. To determine the length of a 50% dot, the Pythagorean Theorem can be
used:
s2 + s2 = d2
2s2 = d2
s2 = d2/2
s - V(d2/2)
s = V(l inch/lpi)2 (1/2)
14
s is equal to the length of one side of a 50% dot. The effect of the staggers can be
seen in figure 6:
l/V/2d
1/2 s
KEY:
K ?
M
Figure 6. Stagger positions with 50% square dots.
Like dot-on-dot, the homogeneity of the pattern is designed to produce smoother
color reproduction, no or rosette patterns, and sharper images.2! However, since
the dots are staggered and not printed dot-on-dot, color shifts due to misregister could be
less exaggerated, possibly on a level comparable to conventional angling.22
Screening Configuration and Misregistration
Dot-on-dot printing requires that the dots fall perfectly on top of each otherwhen
printed. To accomplish this, all four separations must be registered perfectly. If not, a
color shift will occur and a different set of colors will be produced2^, as illustrated in
figures 7 and 8.
KEY:
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Figure 7.
Dot-on-dot in perfect registration.
Figure 8.
Dot-on-dotmisregistered.
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As seen in the figures, the colors produced from the four process color inks (K:
black, Y: yellow, C: cyan, M: magenta) in figure 5 are K, CK, MCK, and YMCK.
In figure 8, a different set of colors are formed due to a misregistered yellow
halftone dot. The colors formed are Y, YK, YCK, YMCK, K, CK, andMCK.
The color shifts produced by slight variations in register are amplified by the fact
that dot-on-dot printing leaves much more unprinted white paper than the conventional
multi-angle and staggered position methods do. Any dot not positioned directly on top of
the other dots will fall onto the unprinted white space, creating an immediate hue shift.24 It
was found that a variation in register between 1/4 and 1/2 of a 50% halftone dot will
produce a noticeable color shift.25
It was discovered that when printing process color using the multi-angle screening
technique that there was no significant color difference between gray balance targets due to
misregistration.26 As mentioned in Chapter 1, the multi-angle method uses specific screen
angles, carefully chosen to avoid moire patterns. These angles produce inconspicuous
circular patterns of dots called rosettes, in a nearly random fashion. The random nature of
the dot patterns merely form other random-type patterns when the screens are
misregistered.27
The staggered position screening configuration attempts to overcome the color
variation characteristics of the dot-on-dotmethod by reducing the amount of unprinted
white paper between printed dots. Thus, slight variations in register will affect the overall
screen configuration, but hue may not be affected. This can be seen in figures 9 and 10. If
misregistration is of a large enough magnitude, it will affect the hue of a given area. In
addition, if the dot sizes are small enough so that no overlapping occurs, the color variation
may be less than if dot overlapping occurs.
16
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Figure 9. Figure 10.
Staggered position in perfect registration. Staggered position misregistered.
The amount ofmisregistration which produces a noticeable hue shift with both the
staggered position and the multi-angle methods are unknown. Since the staggered position
screening configuration is not as random-like by nature, it was expected thatmisregistration
would cause greater hue shifts with the staggered position method than with the multi-angle
method. It was the intent of this investigation to determine if the hue shifts caused by
misregistration between the staggered position and multi-angle methods were not
significant within a certain tolerance.
Color Measurement
There are several instruments which can be used to detect a color difference
between two objects. The most commonly used are the human eye, the densitometer, the
colorimeter and the spectrophotometer. The human eye can perceive very small differences
in color between a given area of two objects, however, it provides no quantitative
information, and the judgements or assessments of the color can vary from person to
person.
To gather qualitative information, a densitometer, a colorimeter, or a
spectrophotometer can be used. The densitometer is probably the most widely used
17
measuring instrument for color in the graphic arts, but it is used primarily to control the
relative ink film thickness 28
A colorimeter and a spectrophotometer attempt tomeasure color as seen by the
human eye. Unlike the densitometer, they assign numerical values to the hue, value, and
chroma attributes of a specific color. Colorimetric and spectrophotometric measurements
are based on the CIE and CIELAB systems of color. A spectrophotometer and a
colorimeter are very similar devices, except that a spectrophotometer can make accurate
measurements using one source, while a colorimeter requires the use of three or four
colored tights or filters.29 This study will incorporate the use of a spectrophotometer to
measure color differences between the Flamenco method and the multi-angle method
reproductions.
The CIE system (Commission International de l'Eclairage or the International
Commission on Illumination) is based on the premise that stimulus for color is provided by
the proper combination of a source of light, an object, and an observer. In 1931, the CIE
introduced the element of standardization of the source and observer, and the methodology
to derive numbers that provide ameasure of a color seen under a standard source of
illumination by a standard observer.30
The CIE system uses a set of tristimulus values to numerically define a color.
Originally, the tristimulus values were based on various intensities of illumination from the
three additive primary colors red, blue, and green, but in 1931 the CD3 system changed the
primaries to a new set which cannot be produced by any real lamps. These are known as
theX, Y, and Z primaries or tristimulus values.31
The CIE tristimulus values X, Y, and Z of a color are obtained by multiplying
together the relative power of a CIE illuminant, the reflectance or transmittance of the
18
object, and the tristimulus response values of the standard observer. The products are
summed up for all the wavelengths in the visible spectrum to give the tristimulus values.^2
The CIELAB space is a three-dimensional, non-linear transformation of the 1931
CIE space. It is also a uniform color space, based on opponent color coordinates L*, a*,
and b*. The opponent color coordinates are based on the theory that a color cannot be red
or green at the same time, or yellow and blue at the same time.33
The CIELAB space can numerically describe colors in terms of hue, value, and
chroma, a* and b* describe the hue and chroma of a color, while value is described by L*.
Specifically:
a*: positive value is redness; negative value is greenness
b*: positive value is yellowness; negative value is blueness
L*: lightness or brightness of a color; 0 is black, 100 is white
L = 100 =White
(Green) -a
+a(Red)
-b
(Blue)
0 = Black
Figure 11. Opponent-type color scaled4
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L*, a*, and b* can be calculated from the CIE tristimulus values of the color, and
Xn, Yn, and Zn which are the tristimulus values of a reference white.35 The formulas are:
a* = 500[(X/Xn)l/3 - (Y/Yn)V3]
b* = 200[(Y/Yn)l/3 - (Z/Zn)l#l
L*=116(Y/Yn)!/3 16
The color difference between two samples (AE*), usually between a sample and a
standard, can be determined using the values ofAL*, Aa*, and Ab* - the differences in
these values between the sample and the standard.36 The formula is:
AE* = [(AL*)2 + (Aa*)2 + (Ab*)2]1/2
As a general rule, a AE* value of six units represents an overall value for acceptable
color tolerances between a sample and a standard.^7 A value greater than six units is
unacceptable, while a value less than or equal to six units is within tolerances. More
specifically, when comparing two uniform printed areas or patches, the following table
may be used as a rule of
Table 1. Visual Perception and Interpretation of Color Difference
AE Visual Perception Interpretation
< 1 No difference Excellentmatch
1-2 Just noticeable difference Good match
4_6 Noticeable difference Fair match
> 9 Strong difference Poor Match
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Chapter 3
Review of Literature
Color Variation in the Newspaper Industry
Unlike other sectors in the printing industry where a job is accepted or rejected due
to color variations from an original to the reproductions, the newspaper industry sells all of
its newspapers even if the quality of color is unacceptable. Color variations, regardless of
the source, can occur during a press run but it is impossible to remove the newspapers
exhibiting the greatest variations in color. This is primarily due to daily deadlines,
economic constraints, and the large quantities of newspapers produced during the press
run.l A dedication to process control is imperative. "Bad" color backfires. It does not sell
newspapers, and it does not attract advertisers.2
Screening Configurations
Almost no literature was found on the subject of the multi-angle screening
configuration in terms of the reasoning behind the selection of the specific angles used for
process color reproduction. It seems that they were selected on the basis of reducing moire
patterns only. A reduction in hue shifts caused by misregistration was an additional
benefit. Color variation due to misregistration with the multi-angle method is so minimal
that it is not significant.3 Apparently, the halftone dots are so irregularly overlapped that
misregistration simply causes another form of random
overlaps.4
The remainder of this chapter is concerned with the staggered position screening
configuration. At this point in time, there is not much technical literature available on the
subject of the staggered position technique. Therefore, some literature relating to the dot-
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on-dotmethod has been cited due to the similarity in screen configurations between the two
methods. Almost all of the literature reviewed in this section was mentioned previously by
Blair Richards^ in his 1988 master's thesis, "A Comparison of Staggered Position One
Angle Process Color PrintingWith FourAngle and One Angle Process ColorPrinting".
Relevant Patent Information
In 1963, Brent Archer6 received a patent for aHalftone Screen for Color
Separation". The screen, called the
"tri-screen" does not need to be rotated to a new angle
for each color. The tri-screen incorporates three dye screens arranged at different angles.
Each dye screen is sensitive to either red, blue, or green light depending on which filter is
used.
Hua-Kuang Liu7 received a patent in 1980 for a "Halftone ScreenWith Cell
Matrix". The screen is composed of concentric parallelograms and is designed to be used
for one angle color separation. The screen eliminates moire and rosette patterns.
The Color Group8 owns a patent for the Flamenco algorithm, which was described
in Chapter 1.
Experimental Investigation
In 1950,W.P. Greenwood9 presented a paper to TAGA in which he examined
color saturation resulting from the printing configurations of dot-beside-dot, dot-on-dot,
and dots at 30 degrees to each other. He found that dot-beside-dot exhibited very strong
color saturation, dot-on dot exhibited brighter but desaturated color, and
dots at 30 degrees
exhibited color falling between the two. Greenwood also reported that multi-angle dot
patterns do not change color due to misregistration unless there is a shrinkage or expansion
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in the printed sheet, and that dots printing at the same screen angle will show color
differences due to misregistration.
In 1982, James RichlO presented a report to TAGA in which he compared dot-on-
dot printing to multi-angle process color printing at screen rulings of 100, 120, 133, 150,
175, and 200 lpi. Rich found that the dot-on-dotmethod did not perform as consistently as
the multi-angle system for tone reproduction - except at 120 lpi, that dot-on-dot exhibited
more apparent sharpness at coarser screen rulings than the multi-angle system, and that dot-
on-dot eliminated moire and rosette patterns.
Jang- fun Chen! 1 investigated color variation as a function of registration in dot-
on-dot printing in his 1982 master's thesis. Dot areas of 25, 50, and 75 percent were
examined when one color at a time was misregistered by 1/4, 1/2, and 3/4 of a dot. Chen
determined that the latitude ofmisregistration for acceptable printed results was between 1/2
and 1/4 of a 50 percent dot size.
ChristopherVaskol2, in his 1984 thesis analyzed chromaticity changes due to
misregistration in the three additive primaries of actual printed sheets using the dot-on-dot
method. His results were similar to J.F. Chen's, but he also found that color variation
follows a linear relationship with respect to dotmisregister, and that a misregistration of 50
percent of the screen period distance can produce color variations as high as 28 AE values.
In 1987, Ted Chen13 compared the color image quality of dot-on-dot printing to
multi-angle printing at 65, 85, and 120 lpi. Chen found that dot-on-dot printing was
preferable to multi-angle at coarser screen rulings, and that color image quality increases as
screen ruling increases, regardless of the production technique used.
In the only scientific investigation involving the staggered position one angle
technique, Blair Richards!4 compared the staggered position technique to dot-on-dot and
multi-angle process color printing on newsprint at 65, 85, and 100 lpi. Richards found that
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the staggered position technique eliminates moire and rosette patterns, exhibits equivalent
tone reproduction capabilities to dot-on-dot andmulti-angle printing, it enhances the ability
of the dot-on-dot method to produce reproductions of superior sharpness, and that visually
objectionable color variation due to misregistration seems to only occur at 65 lpi.
In his 1991 investigation of colormisregistration with gray balance targets screened
using themulti-angle technique, TuoWu15 concluded that color variation between samples
was not significant, and that the screen configuration produces a "random-type" dot
overlapping pattern.
Other Relevant Literature
In 1980, Chemco Photoproductsl6 introduced a color separation method for
newspapers, based on the dot-on-dotmethod. The screen, a special Policrom contact
screen, was found to eliminate moire and rosette patterns, produce superior color
reproduction, give the appearance of using a finer line screen, and produce smoother color
reproduction on newsprint.
In 1990, the
"Flamenco"
screening method, invented by Marcel Coderch ofAnaya
Systems and marketed by the Color Group, was released as an alternative screening
method to the traditionalmulti-angle method for PostScript output devices!7- The
traditional screen angles for color separation, 45 degrees for black, 75 degrees formagenta,
90 degrees for yellow, and 105 degrees for cyan must be accurate to within 0.05 degrees
and that tolerance can only be achieved on PostScript imagesetters with very high
resolution. If all four screen angles do not fall within the tolerance, a moire pattern will
result.
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The Flamenco method, using only one screen angle of45 degrees, overcomes the
problem ofmultiple screen angles and offers the following reported advantages:
Elimination ofPostScript induced moire patterns.
It can be implemented on PostScript or non-PostScript output devices.
It is very efficient: it is faster and requires less code than alternative methods.
It works with any dot shape.
It creates smoother color in small areas than traditional rosettes.
Color in deep shadows is preserved better because the black ink does not
overprint the other colors so much.
It shows superior sharpness and color fidelity at coarser resolutions than
conventional separations. 18
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Chapter 4
Statement of the Problem
Rationale
As mentioned in Chapter one, the rationale behind this study is that since color
separations can be output using the staggered position screening configuration on both
high-end scanners as well as desktop pagination systems and newspapers are producing
more color via the desktop, the staggered position technique may have the potential to be a
primary screening process for newspaper process color printing. For this to happen, the
staggered position techniquemust be found to be comparable to the conventionalmulti-
angle screening technique in terms ofproducing consistent color.
If the staggered position method is found to produce consistent color, the
newspaper industry could use it to produce higher quality newspaper color. Improved
color reproduction could result in more readers, more advertising, more color being
reproduced, greater profits, andmay even encourage the widespread use of desktop color
for newspapers.
Objectives
The objectives of this study are to:
Investigate the effects of colormisregistration of the staggered position method in
comparison to the multi-angle method during a newspaper press run.
Investigate the color consistency of the staggered position method in comparison
to the multi-angle method during a newspaper press run.
31
Hypotheses
Hypothesis 1:
There is no significant difference in color variation due to randommisregistration
occurring during a press run between Staggered Position One-Angle process color printing
andmulti-angle process color printing on newsprint, in terms ofCIELAB AE values.
This hypothesis can be developed into fourmore specific sub-hypotheses:
Hypothesis 1.1:
There is no significant difference in color variation due to yellow misregistration
occurring during a press run between Staggered Position One-Angle process color printing
and multi-angle process color printing on newsprint, in terms of CIELAB AE values.
Hypothesis 1.2:
There is no significant difference in color variation due tomagenta misregistration
occurring during a press run between Staggered Position One-Angle process color printing
andmulti-angle process color printing on newsprint, in terms ofCIELAB AE values.
Hypothesis 1.3:
There is no significant difference in color variation due to cyan misregistration
occurring during a press run between Staggered Position One-Angle process color printing
andmulti-angle process color printing on newsprint, in terms ofCIELAB AE values.
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Hypothesis 1.4:
There is be no significant difference in color variation due to blackmisregistration
occurring during a press run between Staggered Position One-Angle process color printing
and multi-angle process color printing on newsprint, in terms of CIELAB AE values.
Limitations
The limitations, or factors which could not be controlled during this study, were:
Natural variations of the press after makeready. This includes changes in:
ink/dampening solution balance, solid ink density, papermoisture content,
relative humidity and temperature of the press room, etc. It was assumed that
these random variables would affect all images on the press sheet simultaneously
and would have a similar effect on both methods.
The degree of accuracy in stripping. Even good stripping can vary as much as
0.0001 inch between each separation.
Delimitations
This study compared only the staggered position method to the
conventional multi-
angle method of process color printing in terms of colormisregistration. Dot-on-dot
printing was not included on the basis that it has been previously
determined that it is
subject to color variations caused by very minute changes in register, much more so than
the multi-anglemethod. Since the staggered position screening configuration may be less
subject to color variation produced by misregistration than the dot-on-dot configuration due
to the reduction of unprinted white paper, a study of color variation
between the staggered
position technique and the multi-angle method had to be done.
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This study only investigated color variation at 85 and 100 lpi screen rulings. Screen
rulings coarser than 85 lpi are generally only used with letterpress newspaper presses.
Since this study is concerned with lithographic web offset newspaper printing, screen
rulings coarser than 85 lpi were not included. Web offset newspaper presses generally use
screen rulings of 85 and 100 lpi to print process color. Color separations made using
screen rulings finer than 100 lpi are difficult to reproduce due to excessive dot gain and
tighter press tolerances incurred when printing on newsprint at finer screen rulings, and
thus were not included.
This investigation only attempted to determine which process is most subject to
misregistration induced color variation during a press run. If one method was found to be
more subject to color variation than the other, itwas determined if it was statistically
different from the other method.
The staggered position color separations were not made on aMacintosh-based
desktop workstation using the Flamenco algorithm as was originally intended, since the
facilities and equipment were not available to the researcher at the time of this investigation.
This study did not use a panel of judges to subjectively evaluate press sheets. All
subjective judgements were made by the researcher.
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Chapter 5
Methodology
This investigation compared printed reproductions produced with the Staggered
Position One-Angle screening technique to the multi-angle screening technique at two
commonly used screen rulings, 85 and 100 lpi, on newsprint.
Test Form Design
The test form used in this experimental investigation contained the following items:
Registration scales - to indicate the amount of misregistration incurred
on a specific press sheet.
Color patches or targets - for colorimetric measurement to determine color
variations from a standard to the sample being measured.
CMYK Solid Ink Density Patches - to measure ink densities across the test form.
The test target consisted of 18 one-inch squares in a 3 x 6 inch grid. The colored
squares were flat tints in the following percentages:
(3) 2-color overprints: 60%, 60%
(3) 3-color overprints: 60%, 60%, 20%
(3) 2-color overprints + black: 60%, 60%, 20% K
(3) 3-color overprints + black: 60%, 60%, 20%, 10% K
(3) 3-color neutrals: * 1/4 tone, midtone, 3/4 tone
(2) 4-color neutrals: = midtone, 3/4 tone
(1) equal percentages of 4 colors at 40%
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More specifically, the patches were arranged as followed:
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Figure 12. Test target tint patches.
Color Separations
The test target was assembled using a Scitex Response System. Negative
separations of the target were output on a DS America SG-608 scanner at the Electronic
Color Separation Lab at RIT. The staggered position separations were output with 45
degree screens for each color and the multi-angle separations were output using 45 degrees
for black, 75 degrees formagenta, 90 degrees for yellow, and 105 degrees for cyan. Both
sets of separations were output with registermarks to aid the researcher during the image
assembly. Separations were made using the elliptical dot shape.
There was one test targetmade for each screen ruling, 85 and 100 lpi, and each
screening configuration. The targets were then manually stripped onto four flats, one for
each ink color. The size of the test form had conform to the image area of the printing
plates which are 26 x 21 inches, with one page of the broadsheet format being 13 x 21
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inches. It was only necessary to print on one page, or half of the broadsheet. The test form
was assembled as seen in figure 13.
Web
Direction
Staggered-
Position
Multi-
Angle
85 lpi
100 lpi
KEY:
SID patches
3x6 inch
test target
RIT Visual
Registration Scale
Figure 13. Test form layout.
Image Assembly and Plate Making:
The test targets and the PJT Visual Registration Scales were manually stripped onto
four 21 x 26 inch pieces of 4 mil acetate. The acetate was pre-punched using a pin register
punch configured to match the pin register system of the press which was used for the
press run. This was done to ensure that the test targets were in as close to exact register as
possible for plate making.
The multi-angle test targets were assembled using the registermarks as a guide for
precise alignment. A 50x SKS Micro Scope was used to verify the registration. When
assembling the staggered position separations it was not possible to use the registermarks
because the dots would have registered dot-on-dot. The staggers were created manually.
A small square in the four comers of each of test targets consisting of 90 percent negative
dots (appearing as 10 percent positive dots on the negatives) was used to align the
separations.
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The yellow, magenta, and cyan separations were registered to the black separation.
To create the staggered technique, separations were staggered in 1/4 row of dot increments.
1/4 row of dots is equal to 1/2 s, as described in Chapter 2, page 13. For the 85 line screen
target, 1/4 row of dots is equal to 0.0041". For the 100 line screen target, 1/4 row of dots
is equal to 0.0035" The SKS Micro Scope has a visible ruler in 0.001" increments and
was used to aid the researcher register the separations as accurately as possible. The
yellow separations were assembled 1/4 row of dots to the left, and 1/4 row of dots up from
the black separations. The magenta separations were assembled 1/2 a row of dots to the
left of the black separations. The cyan separations were registered 1/4 row of dots to the
left and 1/4 row of dots down from the black separations.
The RTT Visual Registration Scales were registered to the black scale separation,
using the scope to verify accuracy. A Dupont Cromalin proof was made from the flats to
verify accuracy in image assembly.
The flats were then used to expose four pre-punchedWestern subtractive negative
printing plates at the ANPA (American Newspaper Publishers Association) in Reston,
Virginia. A mask was made of the non-image areas and was placed on top of each flat
when exposing the plates.
Press Run and Sampling
The press that was used for this investigation was a Goss Rockwell Urbanite single
width, semi-cylindrical press. Ad-Litho newspaper inks and newsprint were donated by
the ANPA. The press crew was instructed to register the plates using the RTT Visual
Registration Scales in conjunction with a lOx lupe which is standard in most newspaper
press rooms. The press was adjusted during makeready to reach the appropriate solid ink
densities for the system of 0.90 for the cyan and magenta inks, 0.80 for the yellow ink,
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and 1.05 for the black ink + 0.05 density units for all inks. After the inks and registration
had been adjusted, a group ofOK sample press sheets were pulled, one ofwas used as the
standard against which all other sample press sheets were compared.
After makeready was completed and the sample press sheets were pulled, the press
crew was instructed to misregister one printing plate at a time during the remainder of the
press run. Eight groups of sample press sheets were taken at eight intervals during the time
it took the press to go from in-register to out-of-register by close to three rows of dots.
To determine the exact increment to turn the lateral registration dials on the press,
the press crew first adjusted the cyan printing plate so that it was approximately three rows
of dots out-of-registerwith the other colors. Three rows simulates the extreme which may
be encountered during a typical newspaper press ran. Then the dial was marked in eight
equally spaced intervals from the in-register to the three-rows-out position. The cyan plate
was then brought back into the first increment position, and a sample group of press sheets
were pulled and labeled, one ofwhich was later selected as the sample for that increment.
The cyan plate was then brought into position two, samples were pulled and labeled and the
procedure was continued for all eight increments. The cyan plate was then brought back
into register, the ink densities were checked and adjusted, and the next plate was
misregistered using the same increments on the dial. This occurred for all four printing
plates. A total of 32 sample press sheet groups were taken during the press run. See
Appendix B for sample press sheet.
Due to the rather unsophisticated nature of the press registration adjustment
equipment and the random variations of the press, it was not possible to control the exact
incremental amounts that the cylinders were misregistered. Nor was it possible to bring the
cylinders back into the exact position that they were originally in after they had been
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misregistered. In addition, most newspaper press are only guaranteed to be able to hold
registration to + one row of dots. !
Selection of Sample Press Sheets From Sample Groups
The sample press sheets chosen from each of the 32 incremental groups as well as
the OK press sheet were chosen based on densitometric measurement of the sheets. An
XRite 428 reflection densitometer in ANSI Status T, non-heatset inkmode was used to
measure the solid patches in the image areas on the top of each press sheet. The press sheet
from each group which had the least amount ofdensity difference from one side of the
press sheet to the other was selected. In general, the densities varied no more than 0.09
density units across the page. Since a slight density variation across the page is
unavoidable during a press run, this variation was assumed negligible as far as the results
of this investigation were concerned. See Appendix A for density measurements.
Incremental Misregistration Measurements
Allmeasurementsweremade relative to the black printer using the SKS 50xMicro
Scope. Since it has a visual measuring scale in 0.001 inch increments, the measurements
can be assumed to be accurate to 0.001 inch. The black printer was measured relative to
the colors. The difference between the OK press sheet and the incrementally misregistered
press sheets was calculated. See Chapter 6 for results and a table of the values.
Spectrophotometric Measurements
Spectrophotometric measurements were made of the color patches for each test
target on the sample press sheet using aHunterLAB PICCS 4800
4570
spectrophotometer. The illuminant used was D50,
2"
observer.
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To determine the AE values between the OK press sheet and the samples, the OK
sheet was precisely positioned on the vacuum table such that it could be replaced by another
sample sheet in the same exact position. The spectrophotometerwas then programmed to
read each of the patches on the four test targets by entering the coordinates of the patches.
The spectrophotometer incorporates the use of a joystick to position the input port of the
spectrophotometer over the desired locations. As the coordinates were entered into the
CPU of the spectrophotometer, the patches were read and the CIELAB data was stored as
well. The OK sheet was replaced with a sample and the spectrophotometer automatically
read each patch, calculated, and saved the AE values between that sheet and the OK sheet.
Each sample sheet was read and all of the AE values were recorded. See Appendix A for
AE values.
Statistical Analysis
The data obtained from the spectrophotometric measurements of the press sheets
was tested statistically to check the validity of the four sub-hypotheses.
The statistical test used was the two sample t-test.2 This is a small-sample test of
the significance of the difference between two means. This test assumes that the samples
are independent and random, and that the populations being sampled have roughly the
shape of normal distributions with equal standard deviations.
In this case, the sample size was eight since there were eight misregistration
increments. The individual patch was compared statistically to its counterpart to determine
if the resultant AE values between themwere significant or not during the misregistrations.
In other words, the eight AE values obtained for the staggered position
patch number one at
85 lpi, yellow misregistration, were tested against the eight AE values obtained
for the
multi-angle counterpart patch.
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A 0.05 level of significance with 14 degrees of freedom (ni + n2 2) was used.
An individual sub-hypothesis which is already stated in the null hypothesis form ([i\= H2)
was rejected for the particular patch if the t statistic was greater then 1 .761 Otherwise,
the sub-hypothesis was accepted.
The two-sample t test was also used to compare the total populations, or all 18
patches andmisregistration increments, for each screen configuration and screen
frequency. Again, a 0.05 level of significance was used. The sample size was 144 with
286 degrees of freedom.
All statistical analysis of the data was done on aMacintosh computer, using
StatWorks, CricketGraph, and MicrosoftExcel software.
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Materials and Instrumentation
DS America SG-608 scanner
Scitex Response System
Dupont Separation Film
Dupont Film processor
RTT Visual Registration Scales
Dupont Cromalin proofing system
Western subtractive negative printing plates
Plate processor
Goss RockwellUrbanite press
Ad-Litho newspaper inks
30 lb. newsprint
HunterLAB spectrophotometer
50X SKS Micro Scope
XRite 428 reflection densitometer
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Chapter 6
Results
Density Variation Across Test Form Sample Pages
The following density measurements were taken in the image areas across the
sample test form sheets. For each ink, the density measurements on every press sheet were
divided into two categories: H and L. H indicates the highest density read across the page
in the image area for that color ink measured, and L indicates the lowest density read across
the page in the image area for that color ink measured. Y-H is yellow ink - high density,
M-L is magenta ink - low density, etc.
The average density was calculated for the average of the highest densities and
lowest densities for each ink color. The ink average is the average density of the ink for all
densities measured. High density is the highest density measured on any sample press
sheet, and low density is the lowest density measured on any sample press sheet. Range is
the density difference between the highest and lowest density measured.
As discussed in Chapter 5, the solid ink density aim points were 0.90 for the cyan
and magenta inks, 0.80 for the yellow ink, and 1.05 for the black ink 0.05 density
units for all inks. All inks were within the 0.05 density range as specified by the ANPA
except on one press sheet the magenta ink exceeded the 0.05 density range by a density
of -0.01 density units.
It is assumed in this investigation that any variation in solid ink density would have
had a similar effect to both sides of the test form, and therefore is negligible in terms of the
overall effect.
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Table 2: Ink Density Data
Yellow Ink Magenta Ink Cyan Ink Black Ink
Y-H Y-L M-H M-L iH =L K-H E=L
Avg. Den. 0.80 0.77 0.89 0.87 0.88 0.87 1.03 1.00
Ink Avg. 0.79 0.88 0.88 1.02
High Den. 0.84 0.92 0.91 1.05
Low Den. 0.75 0.84 0.85 0.97
Range: 0.09 0.08 0.06 0.08
Misregistration Increment Changes Made During the Press Run
The following table shows the incremental amounts that the plate cylinders were
laterally misregistered during the press run. There were eight incremental amounts of
misregistration made for each ink. Measurement units are in inches.
All measurements were made relative to the black printer of the OK sheet. A value
of zero indicates that the plate was registered in the exact same position as on the OK sheet.
A positive value indicates that the plate was pulled to the left or operator side of the press,
and a negative value indicates that the plate was pulled to the right or gear side of the press.
The black printerwas measured relative to the colors. In all fourmisregistration situations,
the plate or color being misregistered was moved aminimum of 0.022 inches from position
one to position eight. 0.022 inches is equivalent to amisregistration of approximately two
rows of dots with an 85 lpi halftone screen.
The incremental misregistration values in the above table are not equal for all colors
since it was not possible to control the misregistration of the plates in exact increments as
discussed in Chapter 5. However, it does provide
"random"
amounts ofmisregistration
which could be caused by natural variations of the press. It was expected that since both the
staggered position and the multi-anglemethods were misregistered by the same amounts on
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each press sheet, if any trends or changes in color difference from the OK sheet were
exhibited as the color was misregistered by a larger amount, they would be noticeable.
Table 3: Misregistration Increments
Increment Yellow Magenta Cvan Black
1 0.006" 0.007" 0.002" 0.005"
2 0.004" 0.004" 0.009"
3 0.000" 0.010"
4 0.013"
5 0.015"
6 0.020"
7 0.024"
8 0.030"
Visual Analysis of Test Forms
The test targets screened using the staggered position method appear to be
"smoother"
than the multi-angle counterparts. This is because there are no rosette ormoire
patterns exhibited in the staggered position targets. Since there is no detail in any of the
patches, it is difficult to determine which screeningmethod produced the
"sharpest" image.
There are obvious visual differences between the hue of certain patches between the
two screening methods. For instance, the hue of the neutral colors screened using the
staggered position technique vary from 85 to 100 lpi, even on the same press sheet, as well
as from sheet to sheet. The reason why this may have occurred is that the actual amount of
misregistration is the same for both screen rulings on a particular press sheet, the amount
within the individual targets vary with screen ruling. For example, if the magenta plate
were moved one row of dots on the 85 lpi target it would be equal to 1.17 rows of dots on
the 100 lpi target. In addition, the hue of the neutral patches on an individual staggered
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position test target vary depending on the tone of the patch. The darkest tones seem to
exhibit less variation than lighter tones, probably because there is less dot overlap or white
space.
Staggered position. Multi-Angle.
Figure 14. Visible hue variation in neutral patches
There appears to be very little noticeable color variation between any of the patches
screened using the multi-angle technique, regardless of screen ruling and the
misregistration increment This seems to indicate that themulti-angle method ismore
consistent in terms of color variation than the staggered position method when viewed.
Resultant AE Values for Each Color Misregistered
The following graphs were made from the AE values which were incurred as a
result of intentional misregistration during the press run. The data from which the graphs
were made can be found in Appendix A. The data was divided into four groups for each
ink color: average AE - the average of all values incurred during the eightmisregistration
increments for the particular ink colormeasured, highest AE - the highest value measured,
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lowest AE - the lowest value measured, and standard deviation. Each group is divided into
four smaller sub-groups: 85 lpi staggered angle, 85 lpi multi-angle, 100 lpi staggered
angle, and 100 lpi multi-angle. In addition to the graphical display of the results, the
numerical results are shown beneath each graph.
There appears to be an obvious difference between the two screening methods. In
all four cases, the staggered position technique test targets exhibited higher average AE
values than the multi-angle method test targets. For all four colors misregistered, the
staggered technique produced AE values which were at least twice as large as those
produced by the multi-angle technique.
The average AE values for both 85 and 100 lines per inch using the staggered
position technique were less than 5 AEs. This is within the acceptable range for color
reproduction, however it is in the noticeable, fairmatch category. The average AE values
for the multi-angle test targets were less than 2 AEs. This is also within the acceptable
range and it is in the just noticeable, good match category. 1
The highest AE values, or greatest color difference from the OK press sheet were
produced by the staggered position technique. At both screen rulings, the staggered
position resulted in a color difference from the OK sample more than twice that of the
multi-angle method.
Both screening methods produced AE values less than 1.00. In general, the
multi-
anglemethod produced the lower AE values.
As indicated by the average AE values, the standard deviation of the multi-angle
method for both screen rulings was less than half of the standard deviation produced by the
staggered position technique.
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Trends
In general, there were very few trends exhibited by the two screening methods.
The trends observed were:
(1) For all four colors misregistered, the 85 and the 100 lpi staggered position techniques
almost always produced larger AE values than the multi-angle technique counterparts in all
four categories evaluated (average AE, highest AE, lowest AE, and standard deviation).
The exception was that the lowest AE value produced by either screening method was
produced by the staggered position technique at 85 lpi.
(2) The yellow, magenta, and black plate misregistrations involving the staggered position
technique test target at 85 lpi produced higher average AE values, the highest AE value, and
a larger standard deviation than the 100 lpi staggered position test target. Interestingly, the
exact opposite occurred with the staggered position test targets when the cyan plate was
misregistered.
(3) Nearly the opposite of the above trend was exhibited with the multi-angle technique.
The yellow, magenta, and black plate misregistrations involving the 100 lpi test target
produced higher average AE values, the highest AE value, and a larger standard deviation
than the 85 lpi staggered position test target. The 85 lpi multi-angle test target produced
higher values than the 100 lpi test target when the cyan plate was misregistered, and it
produced the larger average AE value with the magenta platemisregistration.
(4) The multi-angle technique, regardless of screen ruling, appears to be much more
consistent than the staggered position technique in terms of a color difference from the OK
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sheet The largest AE value produced by the multi-angle method was 4.68. This is still
well within the 6 AE range for acceptable reproduction. It would imply that regardless of
the amount ofmisregistration incurred during a press run, almost no noticeable color
difference would occur from one press sheet to another. This cannot be implied with the
staggered position technique since it produced AE values as high as 1 1.03.
(5) The staggered position technique appears to be very unpredictable in terms of the
amount ofmisregistration which produces an unacceptable color difference from one press
sheet to another. The data which produced the graphs does seem to indicate that a lower
color difference from a sample patch to the same patch on the OK sheet occurs when the
color of the patch is very saturated. In other words, there are only one or two inks
overprinting in the area. As the number of inks printing in any area increases and the area
becomes less saturated, there seems to be an increase in the color difference between the
sample patch and the OK patch. In addition, a lower overall color difference seems to
occur between the sample and the OK patches in the less saturated, darker patches,
regardless of the color misregistered. Greater color differences seem to occur in the less
saturated and lighter patches.
(6) The AE values which resulted from all eight misregistration increments for any
particular patch, regardless of screen ruling and screening technique, seem to be influenced
more by the number of overprinting inks than by misregistration. In general, the AE values
for all eight misregistrations of any patch or screening method are very close in magnitude,
possibly indicating that changes in halftone dot sizes or solid ink density levels has a
greater effect on color difference thanmisregistration. Relying on the data obtained as a
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result of this investigation, the images screened using the staggered position technique are
likely to produce larger AE values thanmulti-angle images.
(7) The patches containing a black ink component seemed to produce the highest of the
staggered position AE values. This seems logical because if a black dotwere positioned
over a colored dot, the resultant hue would be almost black. For example, in an area
composed of cyan, magenta, and yellow halftone dots, if the cyan dot is misregistered and
positioned over the yellow dot a green hue plus the magenta dot will still be visible due to
the transparency of the inks. However, if an area is composed of cyan, magenta and black
dots and the cyan dot is misregistered and positioned on top of the black dot, the hue will
not be blue and black, it will be magenta and black.
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Results ofYellowMisregistration
10
>
9-
8"
7"
6-
5"
85 lpi S.A.
85 lpi M.A.
100 lpi S.A.
100 lpi M.A.
Avg. AE Highest AE Lowest AE Std. Dev.
85 lpi S.A. 851piM.A. 100 lpi S.A. 1001piM.A.
AvgAE:
Highest AE:
Lowest AE:
Std. Dev.:
3.83
8.9
0.53
2.23
1.14
3.49
0.24
0.62
2.94
8.49
0.31
1.98
1.22
3.79
0.16
0.72
Figure 15. Results of yellow misregistration.
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Results ofMagenta Misregistration
85 lpi S.A.
85 lpi M.A.
100 lpi S.A.
100 lpi M.A.
QJ
3
>
<
Avg. AE Highest AE Lowest AE Std. Dev.
85 lpi S.A. 851piM.A. 100 lpi S.A. 1001piM.A.
Avg. AE:
Highest AE:
Lowest AE:
Std. Dev.:
4.06
10.98
0.27
3.21
0.96
1.99
0.15
0.39
3.55
8.33
0.39
2.19
0.89
2.27
0.09
0.42
Figure 16. Results ofmagenta misregistration.
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Results ofCyanMisregistration
CO
a
Avg. AE Highest AE Lowest AE Std. Dev.
85 lpi S.A. 851piM.A. 100 lpi S.A. 1001piM.A.
AvgAE:
Highest AE:
Lowest AE:
Std. Dev.:
2.83 0.92 3.30 0.90
9.06 2.59 9.05 2.10
0.09 0.12 0.31 0.17
1.96 0.44 2.31 0.40
Figure 17. Results of cyan misregistration.
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Results ofBlackMisregistration
AvgAE:
Highest AE:
Lowest AE:
Std. Dev.:
Avg. AE Highest AE Lowest AE Std. Dev.
85 lpi S.A. 851piM.A. 100 lpi S.A. 100 lpi M.A.
4.25 1.46 3.55 1.50
11.03 3.86 10.28 4.68
0.51 0.28 0.56 0.19
2.85 0.86 2.00 0.95
Figure 18. Results ofBlackmisregistration.
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Analysis of Average AE Values Per Patch
The following tables indicate the number ofpatches which fall into the acceptable
color tolerances, as discussed in Chapter 2. There were a total of 18 individual color
patches on each test target. All eight of the misregistration increment AE values for each
patch were averaged together to determine the average AE value per patch. See Appendix A
for actual average AE values.
57
Table 4: Yellow Misregistration
AE 85 lni S.A, 85 lni M.A. 100 lni S.A, 100 lpi M.A.
<1 1 10 1 12
1-2 4 8 4 6
2-6 9 0 13 0
>6 4 0 0 0
Table 5: Magenta Misregistration
AE S5 lpi S,A, 85 lni MtA, 100 lpi S,A, 100 Ini M.A.
<1 1 9 2 11
1-2 5 9 2 7
2-6 6 0 14 0
>6 6 0 0 0
Table 6 : Cyan Misregistration
AE 85 lni S,A, 85 lni M.A 100 lni S.A. 100 Ini M.A.
<1 2 13 2 14
1-2 6 5 3 4
2-6 10 0 11 0
>6 0 0 2 0
Table 7: Black Misregistration
AE 85 Ini S.A. 85 Ini M.A. 1Q0 lpi S.A, 100 P M,A,
<1 1 3 0 4
1-2 3 12 3 10
2-6 9 3 14 4
>6 5 0 1 0
58
From these results, it appears that the multi-angle method is more consistent in
terms of color variation than the staggered position method. With the yellow, magenta, and
cyan plate misregistrations, the majority of the average AE values for the multi-angle
method fell below 1 AE. This can be categorized as no visually perceptible difference
between the sample patches and the OK patches. The remainder of the patches fell between
1 and 2 AEs. This can be categorized as a just noticeable difference and a good match
between the sample patches and the OK patches. With the black plate misregistration, the
majority of the average AE values fell between 1 and 2 AEs, and a few fell between 2 and 6
AEs, or noticeable difference, fairmatch category. There were no average AE values
greater than 6 AEs.
The staggered position technique did not seem to exhibit the same level of
consistency as the multi-angle method. With the yellow, magenta, and cyan plate
misregistrations, the majority of the patches fell between 2 and 6 AEs, however there were
average values in all four ranges, from < 1 to > 6 AEs. Consistency decreased slightly
with the black plate misregistration. These results seem to indicate that the staggered
position technique produces inconsistent and at times unacceptable amounts of color
difference between an OK press sheet and samples in amisregistration situation.
Analysis ofNeutral Patches
For any color reproduction system to prove successful in terms of accurate and
consistent color reproduction, it is imperative that neutral areas be reproduced as neutrals
since the human eye is most sensitive to color variation in a gray or neutral area.2
Obviously, a system that can reproduce neutrals as neutrals is more desirable than a system
which cannot. The following tables were made from the same average AE data as the
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previous tables, however the concentration was on the 5 neutral patches which were on the
test targets. The patches consist of the dot percentages and ink colors listed below:
Table 8: Neutral Patches
Patch 1: 20 C Patch2: 40 C Patch3: 75 C Patch4: 75 C PatchS: 40 C
15 M 30M 60M 60M 30M
15Y 30Y 60Y 60 Y 30Y
OK OK OK 60 K 30 K
The following tables show that the multi-angle method is very consistent in
mamtaining only very slight color differences from the sample patches to the OK patches
throughout the misregistration treatments. All average AE values were less than 2 AEs and
most were less than 1 AE, except in one instance where the average value was 2.04. This
means that the multi-angle method is able to reproduce all neutrals very consistendy to
within the just noticeable difference, goodmatch category, regardless of the amount of
misregistration. Interestingly, the consistency was maintained to a lesser degree of
accuracy when the black plate was misregistered as opposed to when the yellow, magenta,
and cyan plates were misregistered.
The staggered position technique seems to reproduce the neutral patches with much
less consistency than the multi-angle method in amisregistration situation. The average AE
values of the five patches again range from < 1 to > 6 AEs. Most troublesome were the
neutral patches containing a black ink component, especially patch number 5 which is
essentially amidtone neutral gray. The patch which produced the lowest AE values was
patch number 3 which is similar to a neutral shadow without a black ink component
In tight of these results, the multi-angle technique is a more desirable screen
configuration than the staggered position technique for reproducing consistent color in a
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misregistration situation. The staggered position technique cannot reproduce color patches
to within the same degree of consistency as the multi-angle method. In fact, it tends to
produce unpredictable and often intolerable amounts of color difference between the sample
patches and the OK patches. The color difference is especially pronounced in the neutral
areas or patches where color variation is most noticeable to the human eye.
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Table 9: Average AE Values for Neutral Patches: Yellow Misregistration
Patch 85 Ini S.A. 85 lni M.A. 100 lpi S,A. 100 Ini M.A.
1 3.14 1.48 4.08 1.56
2 4.39 1.95 4.06 1.90
3 1.57 1.23 1.34 1.56
4 1.36 0.38 2.56 0.40
5 6.65 1.35 2.69 1.32
Table 10: Average AE Values for Neutral Patches: Magenta Misregistration
Patch S5 lpi s,A, 85 lni M.A. 100 lni S.A. 100 Ini M.A.
1 2.04 0.83 3.64 0.94
2 3.31 1.08 3.68 0.83
3 1.15 0.92 0.66 0.56
4 2.52 0.32 1.97 0.24
5 6.38 1.05 4.58 0.89
Patch 85 Ini S.A.
1 2.17
2 2.99
3 1.34
4 1.83
5 5.24
100 lni S.A. 100 lni M.A.
2.72 0.87
2.13 0.98
1.18 0.89
1.40 0.32
5.71 0.70
Table 11: Average AE Values for Neutral Patches: Cyan Misregistration
85 Ini M.A.
0.65
0.92
0.75
0.36
0.82
Table 12: Average AE Values for Neutral Patches: Black Misregistration
Patch 85 Ini S.A. 85 Ini M.A. 1Q0 lpi S.A, 1QQ lpi M,A,
1 2.87 0.81 4.67 0.95
2 4.51 1-25 4.37 1.48
3 1.60 1.82 1.81 2.04
4 2.60 0.74 2.07 0.63
5 8.04 1.37 4.52 1.33
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Results of the Statistical Analysis
The following tables are the results of the two-sample t-tests. In reference to these
tables, a Y indicates that there is significant statistical difference between the two screening
configurations for the specific patch and screen frequency. An N indicates that there is no
significant statistical difference between the two screening configurations for the specific
patch and screen frequency. See Appendix A for t-statistic values.
Based on the results of the statistical analysis, all four sub-hypotheses are
rejected using the total population data. In other words, as a population, there is a
significant statistical difference between all 144 yellow misregistration AE values obtained
using the staggered technique and the multi-angle technique for the same screen frequency.
The 144 AE values represent 18 patches with 8 misregistration AE values per patch. This
means that the 85 lpi staggered position test target is significantly different than the 85 lpi
multi-angle test target in terms of color difference from the OK targets when the yellow
printing plate is misregistered.
Since themulti-angle technique produced very consistent and acceptable AE values
regardless of the amount ofmisregistration and the screen frequency, the significant
statistical differences occur because the staggered position AE values are much greater than
those of the multi-angle technique. This means that the staggered technique produced
unacceptable amounts of color difference between the sample and the OK patch when
misregistered.
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Table 13: Significance Between Patches at 95% Degree of Confidence:
Yellow Misregistration
Patch 85 lni SiP. Diff.? 100 Ini Sis. Eiff,?
1 Y Y
2 Y Y
3 N N
4 Y Y
5 Y Y
6 Y Y
7 N N
8 Y N
9 Y Y
10 Y Y
11 N N
12 N N
13 Y N
14 Y Y
15 N N
16 Y N
17 Y Y
18 Y Y
Population
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Table 14: Significance Between Patches at 95% Degree of Confidence:
Magenta Misregistration
Patch 85 lni Si?. Diff.? 100 Ini Sie. D iff,?
1 Y Y
2 Y Y
3 N N
4 Y Y
5 Y Y
6 Y Y
7 Y N
8 N Y
9 Y Y
10 Y Y
11 N Y
12 Y Y
13 Y Y
14 Y Y
15 Y N
16 Y Y
17 Y Y
18 Y Y
Population
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Table 15: Significance Between Patches at 95% Degree of Confidence:
Cyan Misregistration
Patch 85 Ini Sis, Djff,? 100 lni Si?. Diff.?
l Y Y
2 Y Y
3 Y N
4 Y Y
5 Y Y
6 Y Y
7 Y Y
8 N Y
9 Y Y
10 Y Y
11 N Y
12 N Y
13 Y Y
14 Y Y
15 N N
16 Y Y
17 Y Y
18 Y Y
Population
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Table 16: Significance Between Patches at 95% Degree of Confidence:
Black Misregistration
Patch 85 lpi Sig, Diff,? 100 lni SiP. Diff.?
l Y Y
2 Y Y
3 N N
4 Y Y
5 Y Y
6 Y Y
7 N N
8 N Y
9 Y Y
10 Y Y
11 Y Y
12 N Y
13 Y Y
14 Y Y
15 N N
16 Y Y
17 Y Y
18 Y Y
Population
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On a patch-to-patch comparison there are, however, certain patches which exhibit
no significant statistical difference between the two screen configurations during color
misregistration. For these patches, the individual sub-hypothesis is accepted. Table 17
shows the number of patches which did not exhibit a significant statistical difference
between the two screening configurations.
Table 17: Number of Patches Exhibiting No Statistical Difference Between
the Staggered Technique and the Multi-angle Technique
Color Misregistered 85 Ini 100 lni
Yellow 5 8
Magenta 3 3
Cyan 4 2
Black 5 3
It appears that for themajority of the patches, there is still a significant statistical
difference between the staggered position technique and the multi-angle technique in terms
of color difference when printing process color on newsprint. The yellow misregistration
produced the greatest number of patches which exhibited no significant statistical difference
between the two screen configurations. This may be because yellow is the least visually
noticeable color to the human eye, and AE is based on human vision.
The patches which most commonly did not exhibit a statistical difference were
patches 3, 7, 8, 11, 12, and 15. Patch 3 (75% cyan, 60% magenta, 60% yellow) is
representative of a neutral shadow without a black ink component. Patches 7, 1 1, and 15
consist of only two overprinting inks at 60% each (very saturated colors - red, blue, and
green). Patches 8 (60% cyan, 20% magenta, and 60% yellow) and 12 (60% cyan, 60%
magenta, and 20% yellow) consist of three overprints with no black ink component.
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These results support the observations made earlier that when using the staggered
technique, as the number of inks printing in any area increases and the area becomes less
saturated, there is an increase in the color difference between the sample patch and the OK
patch. A lower overall color difference occurs between the sample and the OK patches in
the less saturated, darker patches, regardless of the color misregistered. Also, the patches
containing a black ink component produced the highest of the staggered position AE values.
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Notes
!Robert Chung, Tone and Color Analysis Class Notes, Rochester Institute of
Technology, Spring Quarter, 1991.
2Ibid.
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Chapter 7
Conclusions
(I) Hypothesis 1.1:
There is no significant difference in color variation due to yellow
misregistration occurring during a press run between Staggered Position
One-Angle process color printing and multi-angle process color printing on
newsprint, in terms of CIELAB AE values.
As the statistical testing of the population data indicates, there is a significant
difference between the two screen configurations when the yellow printing plate is
misregistered. This statistical difference indicates that the staggered technique cannot
reproduce color as accurately or precisely as the multi-angle technique when misregistered
since the average AE values are much greater for the staggered technique. Therefore, the
hypothesis is rejected at both 85 and 100 lpi.
However, on a patch-by-patch basis, the hypothesis is accepted for patches 3, 7, 11,
12, and 15 at 85 lpi, and for patches 3, 7, 8, 11, 12, 13, 15, and 16 at 100 lpi. Within the
population there are certain patches that do not produce a significant color difference
between the two methods, regardless of screen frequency and amount ofmisregistration.
Misregistration of the staggered position technique resulted in less color variation in
the patches with only two overprinting inks. As the number of overprinting inks increased
in any one area, the color difference between the OK and the sample patch also increased.
The patches containing a black ink component produced the greatest of the staggered
position color differences at both 85 and 100 lpi.
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{2) Hypothesis 1.2:
There is no significant difference in color variation due to magenta
misregistration occurring during a press run between Staggered Position
One-Angle process color printing andmulti-angle process color printing on
newsprint in terms of CIELAB AE values.
The hypothesis is rejected at both 85 and 100 lpi for the population data. On a
patch-by-patch basis, the sub-hypothesis is accepted for patches 3, 8, and 11 at 85 lpi,
and for patches 3, 7, and 15 at 100 lpi for the same reasons discussed above.
(3) Hypothesis 1.3:
There is no significant difference in color variation due to cyan
misregistration occurring during a press run between Staggered Position
One-Angle process color printing and multi-angle process color printing on
newsprint, in terms of CIELAB AE values.
The hypothesis is rejected at both 85 and 100 lpi for the population data. On a
patch-by-patch basis, the sub-hypothesis is accepted for patches 8, 11, 12, and 15 at 85
lpi, and for patches 3, and 15 at 100 lpi for the same reasons discussed above.
(4) Hypothesis 1.4:
There is no significant difference in color variation due to black
misregistration occurring during a press run between Staggered Position
One-Angle process color printing and multi-angle process color printing on
newsprint in terms of CIELAB AE values.
The hypothesis is rejected at both 85 and 100 lpi for the population data. On a
patch-by-patch basis, the sub-hypothesis is accepted for patches 3, 7, 8, 12, and 15 at 85
lpi, and for patches 3, 7, and 15 at 100 lpi for the same reasons discuessed above
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(5) The test targets screened using the staggered position technique appear visually to be
"smoother"
than the multi-angle test targets because of the lack of rosette and
patterns.
(6) Themulti-angle test targets were very consistent in terms of color difference from
sample to sample. Misregistration, regardless of the amount, did not not cause an
unacceptable color difference between any sample and the OK patch at any screen
frequency.
(7) The staggered position test targets exhibited an unpredictable, and at times
unacceptable, amount of color difference between samples and the OK press sheet. These
differences are very noticeable in the neutral patches.
(8) In general, the staggered position technique test targets resulted in greater color
differences at 85 lpi than at 100 lpi, while the multi-angle technique test targets resulted in
greater color differences at 100 lpi than 85 lpi from the sample press sheets to the OK
sheet.
(9) Based on the experimental test results and conclusions, the reported advantages that the
staggered position technique has over the multi-angle technique do not outweigh the fact
that the staggered position technique is not capable of reproducing color as consistentiy as
the multi-angle method. Today, consistency of color reproduction is crucial to advertisers
in all fields of the printing industry. If color consistency of reproduction were sacrificed
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for a sharper, smoother reproduction it is possible that advertisers would object and either
advertise only in black-and-white or not at all.
If itwere possible to perfectiy register separations and reduce random variations of
newspaper presses to zero, then the staggered position technique benefits may be
maintained and its use justified. Since this is not possible, the results of this investigation
indicate that the multi-angle screening configuration is still the best choice for process color
reproduction on newsprint.
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Chapter 8
Recommendations For Further Investigation
(1) To verify the reliability of the results of this investigation itwould be necessary to
conduct another similar test. This test could also be modified to determine if the results of
this investigation apply only to a specific set of conditions or for a general set which
includes the scanner type, press type, ink and paper type, etc.
(2) Another topic for further investigation would be to bypass the variability of the press
function. The study should be done using proofing materials and photographic images
where SJD can be controlled as well as the precise amount that each color is misregistered.
Increments of 1/4 row, 1/2 row, and 3/4 row of dots out-of-register need to be examined
closely.
(3) Based on the experimental test results, it appears that the color difference which could
occur during a press run between samples screened using the staggered position technique
can be minimized by overprinting less ink. The more saturated an area is, the less likely the
color variation will be from sample to sample in that area. However, most images do not
contain only saturated areas. One color separation technique which could help to reduce the
number of colored inks overprinting in any one area is GCR orGray Component
Replacement. GCR replaces the least dominant color printing in any one area with black
ink. A higher percentage ofGCR replaces a larger percentage of the least dominant color
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with black ink. In theory, it would be possible to reproduce an image by printing only two
colored inks plus black ink in every area of the reproduction, except for the shadow areas.
The use of a high percentage ofGCR seems like it could provide more consistency to
reproductions screened with the staggered position technique. However, the results
indicate that in patches where there was a component of black ink, the color differences
between the sample and the OK patch were greatest. Itwould be interesting to study the
effects ofGCR inmaintaining consistency of color reproduction using the staggered
position technique.
(4) Another topic for further investigation would be to bypass the variability of the press
function. The study should be done using proofing materials and photographic images
where SID can be controlled as well as the precise amount that each color is misregistered.
Increments of 1/4 row, 1/2 row, and 3/4 row of dots out-of-register need to be examined
closely.
(5) Further studies should be conducted on the staggered position technique to determine
the effects of dot gain variation and the use of different dot shapes.
(6) An important topic for investigation is to determine which attribute of color
reproduction is more important to newspaper advertisers: color consistency or visual
sharpness.
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Table Al: Yellow Misregistration Ink Density Ranges
Increment XJI XzL M-H M=L OH QzL Kdtt KzL
1 0.81 0.78 0.87 0.86 0.89 0.87 1.03 0.98
2 0.83 0.78 0.89 0.86 0.88 0.86 1.02 1.01
3 0.84 0.78 0.90 0.85 0.91 0.89 1.04 1.02
4 0.81 0.76 0.92 0.89 0.86 0.86 1.05 1.00
5 0.79 0.75 0.90 0.88 0.88 0.86 1.04 1.02
6 0.83 0.78 0.89 0.88 0.86 0.86 1.05 1.00
7 0.81 0.78 0.89 0.88 0.87 0.86 1.03 0.99
8 0.80 0.78 0.90 0.89 0.88 0.86 1.03 1.00
Table A2: Magenta Misregistration Ink Density Ranges
Increment Y-H YJ, M-H M-L C-H C-L K-H K-L
1 0.81 0.78 0.91 0.90 0.88 0.87 1.03 1.00
2 0.83 0.79 0.91 0.88 0.88 0.87 1.02 1.00
3 0.82 0.78 0.90 0.86 0.88 0.85 1.03 1.01
4 0.82 0.78 0.88 0.87 0.88 0.86 1.02 1.00
5 0.81 0.76 0.89 0.88 0.88 0.88 1.03 1.01
6 0.80 0.78 0.87 0.85 0.89 0.88 1.03 0.99
7 0.79 0.75 0.88 0.87 0.89 0.88 1.05 1.02
8 0.81 0.76 0.89 0.88 0.89 0.86 1.05 1.02
Table A3: Cyan Misregistration Ink Density Ranges
Increment Y-H Y-L M-H M-L C-H C-L K-H K-L
1 0.78 0.76 0.89 0.89 0.89 0.86 1.04 1.03
2 0.77 0.75 0.90 0.87 0.87 0.85 1.03 1.01
3 0.78 0.75 0.89 0.88 0.88 0.87 1.02 0.98
4 0.79 0.77 0.88 0.87 0.88 0.87 1.03 0.99
5 0.78 0.77 0.90 0.86 0.89 0.87 1.02 0.98
6 0.81 0.76 0.89 0.87 0.88 0.86 1.00 0.99
7 0.81 0.78 0.89 0.88 0.88 0.86 1.01 1.00
8 0.82 0.78 0.89 0.87 0.90 0.89 1.03 1.02
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Table A4: Black Misregistration Ink Density Ranges
Increment Y-H Y-L M-H M=L C_JI CJ, Kill KzL
1 0.78 0.78 0.89 0.88 0.89 0.88 1.05 0.97
2 0.80 0.78 0.90 0.88 0.89 0.87 1.05 1.02
3 0.79 0.78 0.87 0.86 0.88 0.87 1.01 1.01
4 0.78 0.76 0.87 0.84 0.89 0.88 1.03 1.01
5 0.81 0.78 0.88 0.87 0.89 0.86 1.03 1.01
6 0.82 0.79 0.88 0.87 0.89 0.88 1.02 1.01
7 0.81 0.78 0.89 0.89 0.90 0.86 1.02 1.00
8 0.79 0.78 0.90 0.87 0.89 0.88 1.04 0.98
Table A5: OK Sample Ink Density Ranges
Y-H Y-L M-H M-L C-H C^L KJ1 KzL
0.78 0.77 0.91 0.91 0.88 0.87 1.04 0.99
84
Table A6: Yellow Misregistration AE Measurements
Patch Misregistration 85 loi S.A. 85 loi M.A. 100 lpi S.A. 100 h>i M.A.
1 0.006 2.33 0.74 5.12 0.62
0.004 2.23 0.54 5.74 0.96
20 C -0.003 3.58 1 4.16 1.08
15 M -0.009 2.87 1.17 5.36 1.04
15 Y -0.015 3.1 2.29 1.83 2.28
0 K -0.021 5.19 2.97 2.62 3.24
-0.025 3.59 2 3.3 2.36
-0.03 2.19 1.15 4.5 0.9
2 0.006 3.58 1.3 5.94 1.16
0.004 3.76 0.98 6.3 1
40 C -0.003 4.91 1.25 3.41 0.84
30 M -0.009 4.26 1.63 6.28 1.56
30 Y -0.015 4.07 2.94 0.81 2.8
0 K -0.021 5.89 3.49 2.48 3.66
-0.025 5.01 2.63 3.02 2.89
-0.03 3.61 1.37 4.22 1.32
3 0.006 1.75 0.88 0.93 1.08
0.004 2.26 0.72 1.52 1.27
75 C -0.003 1.01 0.99 0.85 0.91
60 M -0.009 1.4 1.08 0.6 1.19
60 Y -0.015 1.78 1.67 2.67 1.99
0 K -0.021 1.53 1.77 1.22 2.5
-0.025 1.23 1.56 1.84 2.19
-0.03 1.57 1.19 1.08 1.37
4 0.006 1.57 0.27 2.98 0.31
0 004 0.91 0.39 1.84 0.52
75 C -0.003 1.72 0.24 2.33 0.27
60 M -0.009 0.88 0.37 2.26 0.16
60 Y -0.015 1.17 0.47 3.71 0.41
60 K -0.021 1.36 0.24 1.15 0.5
-0 025 2.41 0.4 3.97 0.68
_0'.03 0.82 0.65 2.21 0.37
5 0 006 6.2 0.72
2.34 0.95
0004 4.82 0.88 0.89 0.75
40 C -0:003 8.21 0.76 3.35
0.59
30 M -0.009 5.88 1.21
0.86 0.66
30 Y -0 015 6.11 1.81 6.05
1.97
30 K -aim 8.64 2.47
2.4 2.54
-0.025 8.23 1.81 4.18 2.18
.0.03 5.14 1.16 1.41 0.9
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Table A6: Yellow Misregistration AE Measurements (Continued)
Patch Misregistration 85 |pj g.A. 8g lpi M.A. 100 1 S.A. 100 Ini M.A.
40 C
40 M
40 Y
40 K
0.006
0.004
-0.003
-0.009
-0.015
-0.021
-0.025
-0.03
5.64
3.11
6.07
3.26
3.91
5.72
7.14
3.32
0.61
0.57
0.75
0.62
0.53
0.35
0.49
0.5
1.49
3.51
5.85
3.52
8.26
2.46
8.49
4.73
0.76
0.62
0.16
0.58
1.09
0.62
1.21
0.44
60 C
OM
60 Y
0 K
8
60 C
20 M
60 Y
0 K
60 C
0M
60 Y
20 K
10
60 C
20 M
60 Y
10 K
0.006
0.004
-0.003
-0.009
-0.015
-0.021
-0.025
-0.03
0.006
0.004
-0.003
-0.009
-0.015
-0.021
-0.025
-0.03
0.006
0.004
-0.003
-0.009
-0.015
-0.021
-0.025
-0.03
0.006
0.004
-0.003
-0.009
-0.015
-0.021
-0.025
-0.03
0.95
1.79
0.97
1.46
0.87
2.05
1.44
1.51
1.8
3.06
1.46
2.36
1.68
3.35
2.29
2.82
4.42
1.59
6.45
3.21
3.78
5.29
7.62
3.08
6.82
4.98
8.39
6.06
5.85
8.37
8.9
5.11
1.49
0.4
1.4
1.79
2.14
2.72
2
0.58
1.08
0.62
1.13
1.56
2
2.66
1.96
0.54
1.67
0.5
0.56
2.04
1.74
2.09
1.99
0.65
0.7
0.81
0.73
1.31
1.07
1.47
0.98
0.52
5.36
1.49
0.56
1.69
2.18
3.12
2.06
0.57
2.48
4.02
2.42
2.69
1.04
0.98
0.94
1.52
4.75
3.29
5.89
3.5
7.62
3.36
6.45
5.78
3.97
2.01
4.6
1.94
7.3
3.25
7.09
3.24
1.7
0.63
0.89
1.79
2.76
3.79
2.71
1.06
1.03
0.94
0.85
0.91
1.74
3.03
2.1
1.18
2.04
0.76
0.62
2.21
1.95
1.87
2.32
0.33
1.45
1.19
1.13
1.16
1.82
2.08
2.09
1.05
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Table A6: Yellow Misregistration AE Measurements (Continued)
Patch Misregistration 85 lni S.A. 85 Ini M.A. 100 Ini S.A. 100 Ini M.A.
11
60 C
60 M
0 Y
0 K
12
60 C
60 M
20 Y
0 K
13
60 C
60 M
0 Y
20 K
14
60 C
60 M
20 Y
10 K
15
0 C
60 M
60 Y
0 K
0.006 0.76 0.47 0.39 0.8
0.004 1.21 1.22 1.28 1.41
-0.003 0.53 0.74 1.48 1.36
-0.009 1.17 0.78 0.65 0.75
-0.015 0.9 0.46 1.15 0.44
-0.021 0.99 0.79 0.96 1.12
-0.025 0.96 0.67 1.35 0.85
-0.03 1.3 1.01 0.58 0.89
0.006 1.16 1.09 1.08 0.72
0.004 2.93 1.19 3.8 1.08
-0.003 0.85 1.41 2.03 0.99
-0.009 2.03 1.5 2.9 0.65
-0.015 1.19 1.83 0.99 1.24
-0.021 1.78 2.13 1.14 2.13
-0.025 1.13 1.81 1.59 1.31
-0.03 2.55 1.45 1.04 1.29
0.006 3.53 1.55 1.8 1.06
0.004 3.75 0.97 1.07 1.1
-0.003 2.87 1.29 1.25 1.17
-0.009 3.89 1.96 1.49 1.71
-0.015 3.65 1.38 1.68 1.14
-0.021 2.89 1.3 1.08 0.82
-0.025 4.28 1.52 2.26 1.49
-0.03 3.64 0.53 1.11 0.77
0.006 3.76 0.68 2.68 0.25
0.004 3.33 0.6 0.68 1.24
-0.003 5.63 0.62 3.75 0.73
-0.009 4.31 1.02 0.57 0.3
-0.015 4.32 0.83 5.73 0.53
-0.021 5.09 0.87 2.22 1.15
-0.025 5.35 0.65 3.72 0.89
-0.03 4.17 0.93 3.46 0.84
0.006 3.76 0.68 2.68 0.25
0.004 3.33 0.6 0.68 1.24
-0.003 5.63 0.62 3.75 0.73
-0.009 4.31 1.02 0.57 0.3
-0.015 4.32 0.83 5.73 0.53
-0.021 5.09 0.87 2.22 1.15
-0.025 5.35 0.65 3.72 0.89
-0.03 4.17 0.93 3.46 0.84
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Table A6: Yellow Misregistration AE Measurements (Continued)
Patch Misregistration 85 Ini S.A. 85 lni M.A. 100 lni S.A. 100 lni M.A.
16 0.006 2.53 1.02 1.29 0.76
0.004 2.58 0.86 4.13 0.92
20 C -0.003 2.29 1.24 1.81 1.15
60 M -0.009 3.04 1.43 2.28 0.84
60 Y -0.015 3.11 1.53 0.82 1.07
0 K -0.021 3.68 1.74 0.31 2.1
-0.025 3.03 1.54 1.19 1.37
-0.03 2.98 1.31 0.84 0.88
17 0.006 6.19 1.1 5.48 1.95
0.004 5.63 0.8 4.37 0.44
0 C -0.003 8.14 0.31 5.72 0.63
60 M -0.009 4.74 1.32 4.63 1.71
60 Y -0.015 6.58 0.9 8.31 1.65
20 K -0.021 6.67 0.96 3.32 1.66
-0.025 8.36 1.03 7.93 1.58
-0.03 6.26 1.33 5.6 0.64
18 0.006 6.39 0.48 2.42 0.93
0.004 6.72 1.07 1.01 1.01
20 C -0.003 8.4 0.48 2.8 0.31
60 M -0.009 6.52 0.96 0.85 0.75
60 Y -0.015 7.81 0.74 5.16 1.25
10 K -0.021 7.3 0.6 1.67 1.46
-0.025 8.66 0.67 5.5 1.15
-0.03 7.74 1.17 2.24 0.87
Avg AE 3.83 1.14 2.94 1.22
Highest 'AE: 8.9 3.49 8.49 3.79
Lowest AE: 0.53 0.24 0.31 0.16
Std. Dev.: 2.23 0.62 1.98 0.72
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Table A7: Magenta Misregistration AE Measurements
Patch Misregistration 85 lni S,A, 85 lpi M.A. 100 lni S.A. 100 lpi M.A.
1 0.007 1.5 0.88 2.01 0.81
0.004 1.88 0.31 4.12 0.44
20 C 0 2.14 0.8 4.77 1.27
15 M -0.003 2.9 0.85 2.48 0.88
15 Y -0.006 0.49 1.15 3.71 1.5
0 K -0.011 1.48 0.94 5.02 1.03
-0.016 2.76 0.86 4.54 1.13
-0.021 3.2 0.81 2.44 0.43
2 0.007 3.54 1.11 2.53 0.83
0.004 2.43 0.34 4.54 0.33
40 C 0 3.53 1.05 4.13 1.09
30 M -0.003 4.49 1.01 1.57 0.95
30 Y -0.006 1.14 1.52 3.92 1.46
0 K -0.011 3.16 1.33 5.63 0.91
-0.016 4.1 1.16 3.74 0.97
-0.021 4.08 1.14 3.4 0.09
3 0.007 1.18 0.89 0.94 0.73
0.004 1.76 0.5 0.42 0.48
75 C 0 0.77 0.91 0.7 0.52
60 M -0.003 0.6 0.94 0.58 0.71
60 Y -0.006 0.27 1.27 0.39 0.77
0 K -0.011 1.05 0.91 0.81 0.24
-0.016 0.96 1.02 0.65 0.51
-0.021 2.62 0.91 0.78 0.52
4 0.007 1.63 0.28 0.55 0.15
0.004 3.54 0.15 2.51 0.17
75 C 0 2.27 0.35 2.94 0.14
60 M -0.003 2.21 0.31 1.65 0.3
60 Y -0.006 2.28 0.49 2.22 0.49Zl .0.011 2.08 0.27 2.01 0.28
-0.016 3.3 0.43 1.51 0.22
-0.021 2.83 0.3 2.39 0.2
5 0 007 2.06 0.92 3.46
0.52
0004 7.5 0.47 4.53 0.47
40 r 0 9.11 0.15 3.72
0.88
30 M -0.003 8.76 1.17
5.14 1.14
30 Y -0.006 3.38 1.34 6.5
1.68
30 K -0.011 3.27 .02
3.76 0.68
-0.016 9.71 1-17 3.13 1.21
-0 021 7.26 1-34 6.37 0.56
89
Table A7: Magenta Misregistration AE Measurements (Continued)
Patch Misregistration 85 lni S.A. 85 lni M.A. 100 lni S.A. 100 lni M.A.
6 0.007 3.86 0.66 1.95 0.3
0.004 10.98 0.49 5.55 0.88
40 C 0 8.96 0.99 6.77 0.51
40 M -0.003 7.84 1.03 6.06 0.71
40 Y -0.006 7 0.84 6.69 0.97
40 K -0.011 7.95 0.54 5.06 0.44
-0.016 10.3 1.04 4.1 0.94
-0.021 8.2 0.76 7.58 0.43
7 0.007 0.48 1.03 0.71 1.01
0.004 0.61 0.6 0.75 0.61
60 C 0 0.51 0.51 0.7 0.76
OM -0.003 0.42 0.94 0.47 1.23
60 Y -0.006 0.33 1.5 1.82 1.74
0 K -0.011 0.57 1.2 0.72 0.63
-0.016 0.5 1.3 0.89 1.01
-0.021 1.06 0.98 0.54 0.52
8 0.007 3.44 1.59 4.28 1.65
0.004 2.93 0.78 6.44 0.71
60 C 0 0.89 1.24 2.94 1.32
20 M -0.003 1.68 1.63 0.6 1.77
60 Y -0.006 1.09 1.99 3.98 2.27
0 K -0.011 4.42 1.68 7.83 1.37
-0.016 1.64 1.46 1.02 1.14
-0.021 0.81 0.72 4.28 0.5
9 0.007 1.92 0.66 1.54 1.07
0.004 10.15 1.12 8.23 0.77
60 C 0 8.48 1.44 2.94 1.45
OM -0.003 10.4 1.12 7.95 0.91
60 Y -0.006 10.44 1.02 7.37 1.28
20 K -0.011 10.42 0.8 8.33 1.23
-0.016 6.46 1.48 4.64 1.24
-0.021 10.83 0.67 5.57 1.07
10 0.007 1.95 0.95 1.73 1.02
0.004 8.62 0.49 5.55 0.88
60 C 0 9.44 0.7 5.37 0.79
20 M -0.003 10.39 1.09 5.83 1.11
60 Y -0.006 6.7 1.44 5.39 1.6
10 K -0.011 6.08 1.26 3.94 0.91
-0.016 9.71 1.09 3.11 1.43
-0.021 9.47 1.32 6.06 0.63
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Table A7: Magenta Misregistration AE Measurements (Continued)
Patch Misregistration 85 Ini S.A. 85 lni M.A. 100 lni S.A. 100 lni M.A.
11
60 C
60 M
0 Y
0 K
0.007
0.004
0
-0.003
-0.006
-0.011
-0.016
-0.021
1.42
1.68
1.4
0.44
0.8
0.82
2.01
1.69
0.43
0.15
0.71
0.5
1.99
0.99
0.64
1.12
1.7
1.74
0.67
1.61
1.2
1.86
1.27
1.68
0.51
0.71
0.81
0.96
0.83
0.77
0.79
0.56
12
60 C
60 M
20 Y
0 K
13
60 C
60 M
0 Y
20 K
14
60 C
60 M
20 Y
10 K
15
0 C
60 M
60 Y
0 K
0.007
0.004
0
-0.003
-0.006
-0.011
-0.016
-0.021
0.007
0.004
0
-0.003
-0.006
-0.011
-0.016
-0.021
0.007
0.004
0
-0.003
-0.006
-0.011
-0.016
-0.021
0.007
0.004
0
-0.003
-0.006
-0.011
-0.016
-0.021
2.76
2.66
0.64
0.28
1.51
3.93
0.86
1.7
1.08
3.51
3.81
3.67
3.6
3.99
4.36
3.45
1.29
4.72
6.37
5.65
4.65
2.64
6.17
5.42
1.06
2.96
1.83
0.93
2.1
2.21
2.97
1.64
0.35
0.18
0.44
0.75
0.94
0.65
0.59
1.02
0.45
0.66
1.38
1.43
1.37
1.16
1.6
1.3
0.71
0.5
0.78
1.14
1.29
1.13
0.99
1.34
1.39
0.64
1.27
1.5
1.67
1.06
0.91
0.68
4.71
4.68
2.27
0.89
4.19
5.67
0.41
4.68
1.25
5.9
1.82
2.77
2.89
5.75
1.83
3.23
3.55
6.43
4.6
5.6
6.12
5.74
3.84
7.4
4.36
0.43
0.88
0.47
4.65
0.82
0.75
3.9
0.76
0.37
0.78
0.82
1.13
0.8
0.59
0.49
0.68
1.08
1.48
0.97
1.37
1.64
1.67
1.52
0.74
0.86
0.61
1.05
1.54
1.13
1.29
0.99
1.65
0.86
1.04
1.3
1.6
1.38
0.59
0.74
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Table A7: Magenta Misregistration AE Measurements (Continued)
Patch Misregistration 85 lni S.A. 85 lni M.A. 100 lni S.A. 100 lni M.A.
16 0.007 2.21 1.13 5.52 1.27
0.004 1.9 0.74 5.84 0.65
20 C 0 0.92 0.78 2.22 1.01
60 M -0.003 2.04 1.33 0.78 1.37
60 Y -0.006 1.08 1.37 5.32 1.66
0 K -0.011 2.55 0.98 6.83 0.97
-0.016 1.38 1.15 0.54 0.74
-0.021 1.39 1 4.38 0.39
17 0.007 6.19 1.31 1.8 0.59
0.004 7.94 0.45 4.56 0.3
0 C 0 9.74 0.83 6.79 0.57
60 M -0.003 9.3 0.67 3.96 0.88
60 Y -0.006 6.22 1.16 3.2 0.92
20 K -0.011 6.23 0.61 3.8 1.14
-0.016 10.34 0.64 3.34 1.19
-0.021 8.37 0.48 3.24 0.49
18 0.007 3.73 1.36 3.84 0.93
0.004 7.37 0.93 6.85 0.57
20 C 0 8.95 0.98 3.26 0.52
60 M -0.003 10.22 1.5 4.7 0.96
60 Y -0.006 7.52 1.67 6.95 1.53
10 K -0.011 6.39 1.05 6.46 0.88
-0.016 8.39 1.28 2.63 0.89
-0.021 8.79 0.94 8.25 0.23
Avg. AE: 4.06 0.96 3.55 0.89
Highest AE: 10.98 1.99 8.33 2.27
Lowest AE: 0.27 0.15 0.39 0.09
Std. Dev.: 3.21 0.39 2.19 0.42
Table A8: Cyan Misregistration AE Measurements
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Patch
1 0.002 2.11 0.66 1.53 0.72
-0.001 3.09 0.65 4.3 0.86
20 C -0.003 2.93 0.5 4.21 1.05
15 M -0.005 2.77 0.54 3.01 0.96
15 Y -0.008 0.85 0.93 0.46 1.07
0 K -0.01 0.53 0.43 0.46 0.44
-0.016 2.23 0.56 5.22 0.7
-0.019 2.88 0.95 2.59 1.15
2 0.002 2.8 0.58 1.13 0.73
-0.001 4.28 0.96 2.78 0.91
40 C -0.003 3.93 0.84 3.49 1.34
30 M -0.005 3.55 0.81 2.18 1.16
30 Y -0.008 1.26 1.39 0.52 1.29
0 K -0.01 1.25 0.61 0.93 0.47
-0.016 2.75 0.72 4.12 0.57
-0.019 4.12 1.43 1.87 1.34
3 0.002 1.2 0.12 1.67 0.79
-0.001 0.87 0.73 1.35 0.42
75 C -0.003 1.87 0.9 0.82 1.32
60 M -0.005 2.01 0.91 0.61 1.25
60 Y -0.008 1.13 1.6 1.33 1.07
0 K -0.01 0.47 0.19 1.17 0.44
-0.016 1.16 0.44 0.67 0.46
-0.019 2.03 1.09 1.78 1.37
4 0.002 1.75 0.33 1.6 0.22
-0.001 2.11 0.35 1.35 0.3
75 C -0.003 1.94 0.37 1.99 0.33
60 M -0.005 1.85 0.25 0.92 0.38
60 Y -0.008 1.19 0.59 2.34 0.44
60 K -0.01 2 0.19 1.3 0.25
-0.016 1.61 0.23 0.87 0.17
-0.019 2.21 0.58 0.79 0.5
5 0.002 5.71 0.38 4.63 0.29
-0.001 5.97 0.88 5.22 0.73
40 C -0.003 6.04 0.99 7.16 0.87
30 M -0.005 4.71 0.62 6.21 0.86
30 Y -0.008 3.72 1.2 6.3 1.08
30 K -0.01 3.78 0.39 5.47 0.77
-0.016 4.93 0.61 4.8 0.22
-0.019 7.08 1.52 5.91 0.75
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Table A8: Cyan Misregistration AE Measurements (Conl inued)
Patch Misregistration 85 lni S.A. 85 lni M.A. 100 lni S.A. 100 lni M.A.
6 0.002 4.72 0.85 5.13 0.32
-0.001 5.22 1.06 6.84 0.88
40 C -0.003 4.69 0.98 8.7 0.53
40 M -0.005 3.23 0.43 5.42 0.45
40 Y -0.008 3.7 0.69 7.61 0.83
40 K -0.01 6.02 0.63 5.35 0.78
-0.016 4.22 0.8 5.03 0.72
-0.019 5.69 0.83 5.82 0.3
7 0.002 0.53 0.71 0.57 0.89
-0.001 0.79 1.61 0.49 1.3
60 C -0.003 1.01 1.13 1.04 1.34
OM -0.005 1.31 1.57 0.49 1.63
60 Y -0.008 1.8 2.32 0.58 1.65
0 K -0.01 0.45 1.68 0.71 0.89
-0.016 0.55 0.88 0.78 1.18
-0.019 1.34 1.66 0.43 1.12
8 0.002 1.85 1.17 0.97 1.39
-0.001 1.33 1.83 3.07 1.85
60 C -0.003 1.01 1.28 6.35 1.67
20 M -0.005 1.64 1.84 6.70 2.10
60 Y -0.008 2.59 2.59 3.12 1.73
0 K -0.01 1.48 1.33 0.44 1.32
-0.016 1.91 1.11 2.56 1.08
-0.019 2.64 1.31 6.67 1.27
9 0.002 5.95 0.55 4.71 0.3
-0.001 1.87 0.65 2.03 0.47
60 C -0.003 1.63 1.21 2.87 1.05
OM -0.005 3.3 0.78 3.52 0.83
60 Y -0.008 8.33 1.21 8.76 1.18
20 K -0.01 9.06 0.5 6.6 0.46
-0.016 4.61 1.26 2.97 1.13
-0.019 2.64 0.76 5.61 0.63
10 0.002 6.65 0.71 5.26 0.54
-0.001 4.53 0.99 4.6 1.15
60 C -0.003 4.28 1.12 6.38 1.28
20 M -0.005 2.59 0.72 5.57 1
60 Y -0.008 3.65 1.58 5.28 1.66
10 K -0.01 5.51 0.66 5.83 0.57
-0.016 5.87 0.83 2.95 0.98
-0.019 5.95 1.47 6.17 1.13
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60 C
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0 Y
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Table A8: Cyan Misregistration AE Measurements (Continued)
Misregistration fi5 lpi S.A, 85 Ipj M,A, 100 lni S.A. 100 lni M.A.
0.002
-0.001
-0.003
-0.005
-0.008
-0.01
-0.016
-0.019
0.29
0.73
2.68
2.29
0.31
0.93
0.57
3.28
0.45
0.57
0.45
0.32
1.3
0.25
0.69
1.81
2.81
0.99
1.58
1.8
1.65
0.43
1.38
1.63
0.67
0.9
0.85
0.48
0.96
0.4
1.05
1.61
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60 C
60 M
20 Y
0 K
13
60 C
60 M
0 Y
20 K
14
60 C
60 M
20 Y
10 K
15
0 C
60 M
60 Y
0 K
0.002
-0.001
-0.003
-0.005
-0.008
-0.01
-0.016
-0.019
0.002
-0.001
-0.003
-0.005
-0.008
-0.01
-0.016
-0.019
0.002
-0.001
-0.003
-0.005
-0.008
-0.01
-0.016
-0.019
0.002
-0.001
-0.003
-0.005
-0.008
-0.01
-0.016
-0.019
0.68
0.74
1.56
0.98
1.89
0.62
0.88
2.84
1.99
0.93
0.41
3.32
4.34
5.09
1.24
2.23
4.92
2.96
3.01
1.09
3.43
4.7
4.13
5.51
0.89
0.7
0.09
1.14
1.27
0.41
0.61
0.79
0.45
0.74
0.54
1.09
1.1
0.61
0.83
1.77
0.82
0.82
1.16
0.9
1.11
0.62
1.45
0.8
0.91
0.63
0.79
0.5
1.17
0.42
0.92
1.43
0.66
1.13
0.69
0.74
0.93
0.56
0.56
0.71
1.41
2.24
4.41
4.63
3.08
0.31
2.17
4.38
1.86
2.26
2.19
2.96
4.61
3.15
3.92
1.65
4.8
3.66
6.4
5.56
6.35
5.92
2.03
5.61
0.5
0.55
0.78
0.46
0.64
0.78
0.42
2.1
0.35
0.71
0.63
0.91
0.7
0.53
0.74
1.17
0.25
0.63
1.06
0.56
1.24
0.33
1.47
1.06
0.69
0.84
0.73
0.94
1.39
0.98
0.82
1.37
0.91
1.15
1.32
1.48
1.07
0.84
0.33
0.35
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Patch
16
20 C
60 M
60 Y
0 K
Table A8: Cyan Misregistration AE Measurements (Continued)
Misregistration 85 lni S.A. 85 Ini M.A. 100 lni S.A. 100 lni M.A.
0.002
-0.001
-0.003
-0.005
-0.008
-0.01
-0.016
-0.019
1.89
1.95
1.42
1.55
1.91
1.31
2.25
2.88
1.35
1.63
1.13
1.29
1.92
1.02
1.14
1.31
1.02
2.47
6.33
6.76
3.36
0.44
2.27
6.95
1.2
1.42
1.35
1.48
1.14
0.95
0.73
0.86
17 0.002 5.98 0.62 2.42 0.33
-0.001 2.61 0.81 2.59 1.13
0 C -0.003 2.1 0.84 2.45 1.25
60 M -0.005 1.26 0.46 1.87 0.89
60 Y -0.008 3.94 1.08 4.12 1.35
20 K -0.01 5.43 1.11 1.92 0.61
-0.016 5 1.13 3.4 1.61
-0.019 2.91 0.3 1.29 0.5
18 0.002 7.48 1.1 5.32 0.69
-0.001 5.43 1.34 4.18 0.73
20 C -0.003 3.69 1.19 8.64 0.96
60 M -0.005 1.21 1.18 7.91 1.2
60 Y -0.008 4.39 1.34 9.05 1.19
10 K -0.01 6.56 1.07 5.7 1.12
-0.016 7.03 0.53 3.2 0.67
-0.019 5.91 1.45 7.85 0.32
Avg AE:
Highest AE:
Lowest AE:
2.83 0.92 3.30 0.90
9.06 2.59 9.05 2.10
0.09 0.12 0.31 0.17
Std. Dev.: 1.96 0.44 2.31 0.40
Table A9: Black Misregistration AE Measurements
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Patch Misregistration 85 lni S.A. 85 lni M.A. 100 lni S.A. 100 lpi M.A.
1 0.005 2.45 0.5 4.82 0.95
0.009 2.72 0.84 5.5 1.03
20 C 0.01 2.45 0.77 4.38 0.7
15 M 0.013 2.87 0.69 5.23 0.69
15 Y 0.015 2.64 0.48 5.79 0.72
0 K 0.02 2.83 0.46 4.51 0.48
0.024 3.22 1.2 3.29 1.37
0.03 3.77 1.51 3.81 1.64
2 0.005 3.83 0.81 4.9 1.26
0.009 4.11 1.36 5.48 1.48
40 C 0.01 3.87 1.01 4.31 1.05
30 M 0.013 4.22 1 5.04 0.89
30 Y 0.015 3.98 0.59 6.08 0.89
0 K 0.02 4.49 0.5 3.92 0.69
0.024 5.34 2.25 2.43 2.63
0.03 6.23 2.47 2.8 2.96
3 0.005 1.06 1.02 1.62 1.29
0.009 1.28 1.59 1.76 1.47
75 C 0.01 1.08 1.51 1.3 1.09
60 M 0.013 1.24 1.42 1.31 1.3
60 Y 0.015 1.14 0.82 1.46 0.94
0 K 0.02 1.27 0.84 1.26 1.61
0.024 2.52 3.5 2.78 4.02
0.03 3.19 3.82 2.95 4.6
4 0.005 1.95 0.6 3.32 0.5
0.009 2.31 0.77 1.84 0.61
75 C 0.01 2.34 0.44 0.98 0.25
60 M 0.013 2.76 0.51 0.76 0.28
60 Y 0.015 2.62 0.42 1.2 0.19
60 K 0.02 2.64 0.36 3.56 0.32
0.024 2.84 1.51 2.54 1.42
0.03 3.36 1.34 2.37 1.46
5 0.005 8.7 1.31 4.94 1.28*J
0.009 9 1.58 4.06 1.74
40 C 0.01 6.95 1.05 3.77
0.87
30 M
30 Y
30 K
0.013
0.015
0.02
0.024
8.05
6.7
8.28
7.08
1.16
0.82
0.9
2.05
4.19
4.39
4.79
3.27
0.78
0.82
0.4
2.09
0.03 9.52 2.05 6.77 2.65
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Table A9: Black Misregistration AE Measurements (Continued)
Patch Misregistration 85 lni S.A. 85 lni M.A. 100 lni S.A. 100 lpi M.A.
6 0.005 8.03 1.3 10.28 0.9
0.009 8.21 1.15 6.77 1.12
40 C 0.01 6.46 0.85 4.19 0.58
40 M 0.013 8.09 1.06 2.14 0.57
40 Y 0.015 6.37 0.65 3.4 0.67
40 K 0.02 6.58 0.71 9.47 0.34
0.024 6 1.28 6.27 1.37
0.03 8.64 1.4 7.05 1.89
7 0.005 0.6 1.76 0.71 1.93
0.009 0.83 2.38 1.04 2.65
60 C 0.01 0.52 1.96 0.68 1.51
OM 0.013 1 2.15 0.77 1.73
60 Y 0.015 0.51 1.55 0.58 1.22
0 K 0.02 0.96 0.41 1.55 0.45
0.024 3.14 3.75 3.61 4.25
0.03 3.38 3.86 3.92 4.68
8 0.005 1.65 2 3.92 2.26
0.009 1.72 2.51 4.06 2.63
60 C 0.01 1.64 2.03 2.94 1.75
20 M 0.013 1.8 1.98 3.82 1.66
60 Y 0.015 1.77 1.46 4.35 1.48
0 K 0.02 1.8 0.52 2.25 0.34
0.024 4.12 3.45 2.11 3.54
0.03 4.78 3.73 2.64 4.12
9 0.005 9.15 0.91 7.82 1.2
0.009 9.26 1.59 7.39 1.92
60 C 0.01 3.33 1.11 1.87 1.14
OM 0.013 4.25 1.23 2.93 1.22
60 Y 0.015 5.89 1.34 2.93 1.41
20 K 0.02 6.69 0.74 7.41 0.62
0.024 1.53 2.8 7.53 2.75
0.03 3.71 3.13 2.86 2.99
10 0.005 9.69 1.7 7.42 1.8
0.009 8.53 1.99 5.53 2.16
60 C 0.01 5.14 1.42 3.97 1.01
20 M 0.013 7.02 1.6 2.56 1.32
60 Y 0.015 5.55 0.8 3.18 1.05
10 K 0.02
0.024
8.16
6.78
0.39
2.98
6.58
6.69
0.52
3.08
0.03 7.76 3.37 7.78 3.88
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Table A9: Black Misregistration AE Measurements (Continued)
Patch Misregistration 85 lni S.A. 85 lni M.A. 100 lni S.A. 100 Ini M.A.
11 0.005 1.05 0.43 1.44 0.73
0.009 0.91 0.75 2.06 1.46
60 C 0.01 0.92 0.72 1.41 1.03
60 M 0.013 1.13 0.66 1.62 1.07
0 Y 0.015 0.74 0.28 0.82 0.41
0 K 0.02 0.98 0.69 1.61 0.76
0.024 0.99 0.57 1.42 0.83
0.03 1.01 0.63 0.82 1.14
12 0.005 1.18 0.46 3.48 0.94
0.009 1.57 1.15 3.87 1.65
60 C 0.01 1.51 1.34 3.03 1.04
60 M 0.013 1.58 1.18 3.82 1.16
20 Y 0.015 1.28 0.65 4.34 0.79
0 K 0.02 1.35 0.74 3.66 0.47
0.024 1 1.68 1.45 1.55
0.03 1.59 1.85 0.56 2.01
13 0.005 3.94 0.71 1.99 0.76
0.009 3.93 1.58 4.28 1.95
60 C 0.01 2.45 0.67 1.23 0.43
60 M 0.013 4.06 1.32 3.52 1.11
0 Y 0.015 3.31 1.24 3.26 1.41
20 K 0.02 3.35 1.27 2.4 0.83
0.024 5.13 0.52 0.97 0.35
0.03 2.11 1.36 3.6 1.16
14 0.005 5.18 0.74 5.06 0.94
0.009 5.29 1.12 5.64 1.66
60 C 0.01 4.76 0.84 4.18 0.32
60 M 0.013 8.44 0.98 2.18 1
20 Y 0.015 5.18 0.49 2.3 0.86
10 K 0.02 4.88 1.04 4.74 0.78
0.024 5.33 1.62 4.42 1.49
0.03 7.91 1.41 4.63 1.36
15 0.005 2.49 1.73 1.49
2.33
X ~J
0.009 2.27 1.91 1.39 2.71
0 C 0.01 2.54 1.52
1.14 2.06
60 M
60 Y
0 K
0.013
0.015
0.02
0.024
2.33
2.45
1.21
1.6
1.29
0.89
0.76
3.23
1.37
2.47
0.91
3.49
1.3
1.79
0.52
3.03
0.03 2.1 3.81 4.45
3.74
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Table A9: Black 1Vlisregistratuin AE Measurements (Continued)
Patch Mi;^registration 85 lni S.A. 85 lni M.A. 100 lpi S.A, 100 lni M.A.
16 0.005 2.44 1.77 2.79 1.76
0.009 2.71 1.96 3.26 1.91
20 C 0.01 2.78 1.68 2 1.42
60 M 0.013 2.54 1.48 3.6 1.2
60 Y 0.015 2.23 1.29 3.75 1.18
0 K 0.02 2.74 0.92 2.19 0.74
0.024 4.72 3.16 2.05 2.97
0.03 5.22 3.43 2.67 3.52
17 0.005 10 1.41 7.26 1.2
0.009 9.33 1.53 3.48 1.84
0 C 0.01 4.44 2.12 1.61 1.48
60 M 0.013 3.17 1.33 2.6 1.17
60 Y 0.015 1.94 0.8 1.09 1.43
20 K 0.02 9.99 0.73 5.74 0.79
0.024 8.05 2.84 5.92 2.15
0.03 7.23 2.19 3.07 2.84
18 0.005 9.46 1.89 6.08 1.45
0.009 8.92 2.25 6.94 2.14
20 C 0.01 7.41 2.22 4.27 1.47
60 M 0.013 10.69 2.1 4.26 1.37
60 Y 0.015 7.94 1.6 2.23 1.36
10 K 0.02 8.69 1.41 6.09 0.64
0.024 9.36 2.31 4.71 2.71
0.03 11.03 2.62 4.2 2.89
Avg AE
Highest
Lowest
4.25 1.46 3.55 1.50
'AE: 11.03 3.86 10.28 4.68
AE: 0.51 0.28 0.56 0.19
Std. Dev.: 2.85 0.86 2.00 0.95
100
Table A10: Average AE Values Per Patch for Yellow Misregistration
EalcJn 85 lpi S.A, 85 |pi M,A, 100 lni S.A. 100 lni M.A.
1 3.14 1.48 4.08 1.56
2 4.39 1.95 4.06 1.90
3 1-57 1.23 1.34 1.56
4 1-36 0.38 2.56 0.40
5 6.65 1.35 2.69 1.32
6 4.77 0.55 4.79 0.69
7 1.38 1.57 2.13 1.92
8 2.35 1.44 2.01 1.47
9 4.43 1.41 5.08 1.51
10 6.81 0.95 4.18 1.50
11 0.98 0.77 0.98 0.95
12 1.70 1.55 1.82 1.18
13 3.56 1.31 1.47 1.16
14 4.50 0.78 2.85 0.74
15 4.50 0.78 2.85 0.74
16 2.91 1.33 1.58 1.14
17 6.57 0.97 5.67 1.28
18 7.44 0.77 2.71 0.97
Table All: Average AE Values Per Patch for Magenta Misregistration
Patch: 85 lni S.A. 85 Ini M.A. 100 lni S.A. 100 lni M.A.
1 2.04 0.83 3.64 0.94
2 3.31 1.08 3.68 0.83
3 1.15 0.92 0.66 0.56
4 2.52 0.32 1.97 0.24
5 6.38 1.05 4.58 0.89
6 8.14 0.79 5.47 0.65
7 0.56 1.01 0.83 0.94
8 2.11 1.39 3.92 1.34
9 8.64 1.04 5.82 1.13
10 7.80 1.04 4.62 1.05
11 1.28 0.82 1.47 0.74
12 1.79 0.62 3.44 0.72
13 3.43 1.17 3.18 1.30
14 4.61 0.99 5.41 1.03
15 1.96 1.14 2.03 1.15
16 1.68 1.06 3.93 1.01
17 8.04 0.77 3.84 0.76
18 7.67 1.21 5.37 0.81
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Table A12: Average AE Values Per Patch for Cyan Misregistration
Patch!
1 2.17 0.65 2.72 0.87
2 2.99 0.92 2.13 0.98
3 1.34 0.75 1.18 0.89
4 1.83 0.36 1.40 0.32
5 5.24 0.82 5.71 0.70
6 4.69 0.78 6.24 0.60
7 0.97 1.45 0.64 1.25
8 0.97 1.45 0.64 1.25
9 4.67 0.87 4.63 0.76
10 4.88 1.01 5.26 1.04
11 1.39 0.73 1.53 0.87
12 1.27 0.89 2.83 0.72
13 2.44 0.96 2.83 0.83
14 3.72 0.85 5.04 0.97
15 0.74 0.75 0.78 0.93
16 1.90 1.35 3.70 1.14
17 3.65 0.79 2.51 0.96
18 5.21 1.15 6.48 0.86
Table A13: Average AE Values Per Patch for Black Misregistration
Patch; 85 lni S.A. 85 Ini M.A. 100 lni S.A. 100 Ini M.A.
1 2.87 0.81 4.67 0.95
2 4.51 1.25 4.37 1.48
3 1.60 1.82 1.81 2.04
4 2.60 0.74 2.07 0.63
5 8.04 1.37 4.52 1.33
6 7.30 1.05 6.20 0.93
7 1.37 2.23 1.61 2.30
8 2.41 2.21 3.26 2.22
9 5.48 1.61 5.09 1.66
10 7.33 1.78 5.46 1.85
11 0.97 0.59 1.40 0.93
12 1.38 1.13 3.03 1.20
13 3.54 1.08 2.66 1.00
14 5.87 1.03 4.14 1.05
15 2.12 1.89 2.09 2.19
16 3.17 1.96 2.79 1.84
17 6.77 1.62 3.85 1.61
18 9.19 2.05 4.85 1.75
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Table A14: t-Statistic Values
Patch 85 lpi
1 3.559
2 5.553
3 1.736
4 4.960
5 9.272
6 7.671
7 0.589
8 2.558
9 4.113
10 10.410
11 1.650
12 0.516
13 9.961
14 12.956
15 0.295
16 8.543
17 12.702
18 21.063
Yellow Misregistration
100 lni
4.255
2.690
0.716
6.349
1.983
4.469
0.316
1.143
5.598
3.587
0.151
1.612
1.657
3.406
0.407
0.994
6.852
2.752
Population 13.916 9.773
Table A15: t-Statistic Values: Magenta Misregistration
Patch 85 lni 100 lni
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
3.712
5.540
0.858
9.449
5.059
9.496
3.166
1.460
6.935
6.776
1.687
2.608
5.966
5.687
2.725
2.851
11.995
9.173
6.187
6.175
1.085
6.554
7.579
7.543
0.554
2.892
5.099
6.416
4.850
3.872
2.962
9.148
1.295
3.362
5.917
6.225
Population 11.540 14.235
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Table A16: t-Statistic Values: Cyan Misregistration
Ealch 85 Ini 100 Ini
1 4.307 2.887
2 4.681 2.465
3 2.234 1.333
4 H.680 5.345
5 10.096 15.818
6 11.314 11.698
7 1.895 4.908
8 0.868 2.416
9 3.745 4.799
10 7.801 10.395
11 1.438 2.422
12 1.224 3.748
13 2.484 5.010
14 5.614 7.507
15 0.066 0.623
16 2.641 2.745
17 4.678 4.358
18 5.517 7.228
Population 11.401 12.230
Table A17: t-Statistic Values: Black Misregistration
Patch 85 lpi 100 lni
1 10.071 11.275
2 8.197 5.347
3 0.432 0.429
4 8.634 3.460
5 16.494 6.933
6 16.401 5.156
7 1.480 0.981
8 0.345 1.972
9 3.756 3.510
10 8.597 4.455
11 5.366 2.552
12 1.319 3.647
13 6.699 3.583
14 9.217 6.590
15 0.551 0.167
16 2.385 2.287
17 4.469 2.731
18 15.496 5.246
Population 11.243 11.117
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Appendix B
105
Figure Bl. Staggered Angle test target, 85 lpi.
106
'
Figure B2. Staggered Angle test target, 100 lpi.
107
Figure B3. Multi-Angle test target, 85 lpi.
108
Figure B4. Multi-Angle test target, 100 lpi.
